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When it comes to developmental math, we know one size does not fit all. 
Pearson's solutions offer market-leading content written by our author-educators, 
tightly integrated with the number-one choice in digital learning—MyLab™ Math. 
We believe in tailoring our solutions to the personal needs of our instructor, 
student, and program partners. 
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Personalized Learning 


Not every student learns the same way or at the same rate. Now, you no longer 
have to teach as if they do. 


MyLab Math can personalize 
homework assignments for 
students based on their performance 
on a test or quiz. This way, students 
can focus on just the topics they have 
not yet mastered. 


Learning in Any Environment 


Because classroom formats and student 
needs continually change and evolve, 
MyLab Math has built-in flexibility to 
accommodate various course designs 
and formats. 


With an updated and streamlined design, 
students and instructors can access 
MyLab Math from most mobile devices. 
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New! Provide just-in-time adaptive practice with Skill Builder Assignments 
When students struggle on an exercise, Skill Builder Assignments provide just- 
in-time, targeted support to help them build up the requisite skills needed to 


complete their homework assignment. 
As students progress, these 
assignments adapt to provide support 
exercises that are personalized to each 
student's activity and performance 
throughout the course. 
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Preface 


Math doesn’t change, but students’ needs—and the way students learn—do. 


With this in mind, Basic College Mathematics, 13th edition, continues the Bittinger 
tradition of objective-based, guided learning, while integrating many updates with the 
proven pedagogy. These updates are motivated by feedback that we received from stu- 
dents and instructors, as well as our own experience in the classroom. In this edition, our 
focus is on guided learning and retention: helping each student (and instructor) get the 
most out of all the available program resources— wherever and whenever they engage 
with the math. 

We believe that student success in math hinges on four key areas: Foundation, 
Engagement, Application, and Retention. In the 13th edition, we have added key 
new program features (highlighted below, for quick reference) in each area to make it 
easier for each student to personalize his or her learning experience. In addition, you 
will recognize many proven features and presentations from the previous edition of the 
program. 


FOUNDATION 
Studying the Concepts 


Students can learn the math concepts by reading the textbook or the eText, participating 
in class, watching the videos, working in the MyMathGuide workbook —or using what- 
ever combination of these course resources works best for them. 


In order to understand new math concepts, students must recall and use skills 
and concepts previously studied. 


LO New! Skill Review, in nearly every section of the text and the eText, reviews 


a previously presented skill at the objective level where it is key to learning the 
new material. This feature offers students two practice exercises with answers. 
In MyLab Math, new Skill Review Videos, created by the Bittinger author 
team, offer a concise, step-by-step solution for each Skill Review exercise. 


Margin Exercises with Guided Solutions, with fill-in blanks at key steps in the problem- 
solving process, appear in nearly every text section and can be assigned in MyLab Math. 


Basic College Mathematics Video Program, our comprehensive program of objective- 
based, interactive videos, can be used hand-in-hand with our MyMathGuide workbook. 
Interactive Your Turn exercises in the videos prompt students to solve problems and 
receive instant feedback. These videos can be accessed at the section, objective, and 
example levels. 


MyMathGuide offers students a guided, hands-on learning experience. This objective- 
based workbook (available in print and in MyLab Math) includes vocabulary, skill, and 
concept review—as well as problem-solving practice with space for students to fill in the 
answers and stepped-out solutions to problems, to show (and keep) their work, and to 


Preface 


ix 


x 


Preface 


write notes. Students can use MyMathGuide while watching the videos, listening to the 
instructor’s lecture, or reading the text or the eText, in order to reinforce and self-assess 
their learning. 


Studying for Success sections are checklists of study skills designed to ensure that stu- 
dents develop the skills they need to succeed in math, school, and life. They are avail- 
able at the beginning of selected sections. 


C1 New! Expanded Statistics Content Chapter 7 Data, Graphs, and Statistics, 
has been revised and expanded. Beginning with tables and graphs and con- 
tinuing with discussions of one-variable statistics, frequency distributions, 
and probability, this chapter provides students with an introduction to foun- 
dational concepts of statistics. New to this edition is coverage of measures of 
spread, quartiles, frequency distributions and tables, stem-and-leaf plots, con- 


struction of histograms, tree diagrams, and probability. Students completing 
this chapter will be better equipped to understand and analyze the data and 
graphs they encounter, as well as to enter an introductory statistics course. 


Ol New! Section 11.5, Clearing Fractions and Decimals, is new to the 13th 
edition. This added section allows students separate and extended practice 
with this important skill. 


ENGAGEMENT 
Making Connections through Active Exploration 


Since understanding the big picture is key to student success, we offer many active 
learning opportunities for the practice, review, and reinforcement of important concepts 
and skills. 


[1 New! Chapter Opener Applications with infographics use current data and 
applications to present the math in context. Each application is related to 
exercises in the text to help students model, visualize, learn, and retain the 
math. 


LO New! Student Activities, included with each chapter, have been developed 
as multistep, data-based activities for students to apply the math in the 
context of an authentic application. Student Activities are available in 
My MathGuide and in MyLab Math. 


LO) New! Interactive Animations can be manipulated by students in MyLab 
Math through guided and open-ended exploration to further solidify their 
understanding of important concepts. 


Translating for Success offers extra practice with the important first step of the process 
for solving applied problems. This activity is available in the text and in MyLab Math. 


Calculator Commer is an optional feature throughout the text that helps students use a 
calculator to perform calculations and to visualize concepts. 


Learning Catalytics uses students’ mobile devices for an engagement, assessment, and 
classroom intelligence system that gives instructors real-time feedback on student learning. 


APPLICATION 
Reinforcing Understanding 


As students explore the math, they have frequent opportunities to apply new concepts, 
practice, self-assess, and reinforce their understanding. 


Margin Exercises, labeled “Do Exercise ... ,” give students frequent opportunities to 
apply concepts just discussed by solving problems that parallel text examples. 


Exercise Sets in each section offer abundant opportunity for practice and review in the 
text and in MyLab Math. The Section Exercises are grouped by objective for ease of 
use, and each set includes the following special exercise types: 


LCL] New! Check Your Understanding with Reading Check and Concept Check 
exercises, at the beginning of each exercise set, gives students the opportu- 
nity to assess their grasp of the skills and concepts before moving on to the 
objective-based section exercises. In MyLab Math, many of these exercises 
use drag-and-drop functionality. 


0 Skill Maintenance Exercises offer a thorough review of the math in the 
preceding sections of the text. 

L] Synthesis Exercises help students develop critical-thinking skills by requiring 
them to use what they know in combination with content from the current 
and previous sections. 


RETENTION 
Carrying Success Forward 


Because continual practice and review is so important to retention, we have integrated 
both throughout the program in the text and in MyLab Math. 


C1] New! Skill Builder Adaptive Practice, available in MyLab Math, offers each 
student a personalized learning experience. When a student struggles with 
the assigned homework, Skill Builder exercises offer just-in-time additional 
adaptive practice. The adaptive engine tracks student performance and deliv- 


ers to each individual questions that are appropriate for his or her level of 
understanding. When the system has determined that the student has a high 
probability of successfully completing the assigned exercise, it suggests that 
the student return to the assigned homework. 


Mid-Chapter Review offers an opportunity for active review midway through each 
chapter. This review offers four types of practice problems: 


Concept Reinforcement, Guided Solutions, Mixed Review, 
and Understanding Through Discussion and Writing 


Summary and Review is a comprehensive learning and review section at the end of 
each chapter. Each of the five sections— Vocabulary Reinforcement ({fill-in-the-blank), 
Concept Reinforcement (true/false), Study Guide (examples with stepped-out solutions 
paired with similar practice problems), Review Exercises, and Understanding Through 
Discussion and Writing—includes references to the section in which the material was 
covered to facilitate review. 


Chapter Test offers students the opportunity for comprehensive review and reinforce- 
ment prior to taking their instructor’s exam. Chapter Test Prep Videos in MyLab Math 
show step-by-step solutions to the questions on the chapter test. 

Cumulative Review follows each chapter beginning with Chapter 3. These revisit skills 


and concepts from all preceding chapters to help students retain previously presented 
material. 
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Resources for Success 


MyLab Math Online Course for Bittinger, Beecher, 
and Johnson, Basic College Mathematics, 13th Edition 


(access code required) 


MyLab™ Math is available to accompany Pearson's market-leading text offerings. 
To give students a consistent tone, voice, and teaching method, the pedagogical 
approach of the text is tightly integrated throughout the accompanying MyLab 
Math course, making learning the material as seamless as possible. 


UPDATED! Learning Path 


Structured, yet flexible, the updated learning 
path highlights author-created, faculty-vetted 
content—giving students what they need 

exactly when they need it. The learning path 
directs students to resources such as two new 
types of video: Just-in-Time Review (concise 
presentations of key topics from previous courses) 
and Skill Review (author-created exercises with 
step-by-step solutions that reinforce previously 
presented skills), both available in the Multimedia 
Library and assignable in MyLab Math. 
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NEW! 

Drag-and-Drop Exercises 
Drag-and-drop exercises are now 
available in MyLab Math. This new 
assignment type allows students 
to drag answers and values within 
a problem, providing a new and 

2 engaging way to test students’ 
concept knowledge. 


NEW and UPDATED! 
Animations 


New animations encourage students to 
learn key concepts through guided and 
open-ended exploration. Animations 
are available through the learning path 
and multimedia library, and they can be 
assigned within MyLab Math. 
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Instructor Resources 


Additional resources can be downloaded from 
www.pearsonhighered.com or hardcopy resources 
can be ordered from your sales representative. 


Annotated Instructor's Edition 

ISBN: 0134706293 

* Answers to all text exercises. 

* Helpful teaching tips, including suggestions for 
incorporating Student Activities in the course. 


Instructor’s Resource Manual 

with Tests and Minilectures 

(download only) 

ISBN: 0134718097 

Resources designed to help both new and expe- 
rienced instructors with course preparation and 
class management. 

Chapter teaching tips and support for media 
supplements. 

Multiple versions of multiple-choice and free- 
response chapter tests, as well as final exams. 


Instructor’s Solutions Manual 

(download only) 

By Judy Penna 

ISBN: 0134718100 

The /nstructor’s Solutions Manual includes brief solu- 
tions for the even-numbered exercises in the exer- 
cise sets and fully worked-out annotated solutions 
for all the exercises in the Mid-Chapter Reviews, the 
Summary and Reviews, the Chapter Tests, and the 
Cumulative Reviews. 


PowerPoint® Lecture Slides 

(download only) 

* Editable slides present key concepts and defini- 
tions from the text. 

* Available to both instructors and students. 

* Fully accessible. 


TestGen® 

TestGen enables instructors to build, edit, print, and 
administer tests using a computerized test bank of 
questions developed to cover all the objectives of 
the text. (www.pearsoned.com/testgen) 


Resources for Success 


Student Resources 


Basic College Mathematics 

Lecture Videos 

* Concise, interactive, and objective-based videos. 

« View a whole section, choose an objective, or go 
straight to an example. 


Chapter Test Prep Videos 
* Step-by-step solutions for every problem in the 
chapter tests. 


Skill Review Videos 

Students can review previously presented skills at 
the objective level with two practice exercises before 
moving forward in the content. Videos include a 
step-by-step solution for each exercise. 


MyMathGuide: 

Notes, Practice, and Video Path 

ISBN: 013471802X 

Guided, hands-on learning in a workbook format 
with space for students to show their work and 
record their notes and questions. 

Highlights key concepts, skills, and definitions; 
offers quick reviews of key vocabulary terms with 
practice problems, examples with guided solu- 
tions, similar Your Turn exercises, and practice 
exercises with readiness checks. 

Includes student activities utilizing real data. 
Available in MyLab Math and as a printed manual. 


Student’s Solutions Manual 

ISBN: 0134718046 

By Judy Penna 

* Includes completely worked-out annotated solu- 
tions for odd-numbered exercises in the text, as 
well as all the exercises in the Mid-Chapter Reviews, 
the Summary and Reviews, the Chapter Tests, and 
the Cumulative Reviews. 

* Available in MyLab Math and as a printed manual. 
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Planet orbits, 152 
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trees, 82 
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Deer population, 313 

Elephant heart rate, 298 
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Silicon in the Earth’s crust, 290 
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Book order, 209 
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Cigarette exports, 510 
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Mailing-list changes, 128 
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Mining company, 82 

Office supplies, 84 
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Packaging, 81, 134, 164, 568 

Pencil company, 152 
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Price negotiations, 440 
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Publishing, 316 
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Sales, 237, 284, 290, 330, 464 
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Chemistry 

Acid solution, 377 

Alcohol solution, 377 
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Boiling point and altitude, 516 

Chemical reaction, 630, 642 

Gold, 422, 556 

Metallurgy, 316 
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Addition to a medical clinic, 326 
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Apartment builder, 82 
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Building permits, 380 
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Carpentry, 158, 185, 207, 210 

Carpeting, 212, 546 

Ceramic tile, 112 

Concrete mix, 159 

Construction plans, 312 
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Fencing, 264, 534, 536, 556 

“Flipping” houses, 619 
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Flooring, 189 
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490 
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Installing a swimming-pool walk, 554 

Insulation, 378 

Interior design, 185 

Kitchen remodeling, 703 

Largest building in the world, 234 

Leaning Tower of Pisa, 291 


xvi _—|_ Index of Applications 


Length of a bolt, 185 

Length of a wire, 596 

Length of braces, 585 

Lucas Oil Stadium, 11, 542 

Millau viaduct, 493 

Miniature air conditioning unit, 327 

Nail length, 179 

Norman window, 592 

Painting, 23, 164, 183, 185, 190, 316, 317, 
546 

Palazzo hotel and casino, 521 

Pipe cutting, 692 

Pitch of a screw, 127 137 144 

Plumber, 182 

Pond edging, 553 

Rafters of a house, 321-322, 593 
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Roof of a turret, 567 

Skylight, 323 
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259 
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Two-by-four, 379, 692 

Waterproofing a deck, 316 
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Window code, 265 
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Wire cutting, 211, 689, 705 


Consumer 

Amount spent on food, 701 

Apartment rent, 632 

Better buy, 558 

Beverage consumption, 192, 237, 339, 
420-421, 452, 634 

Buying gasoline for a motor home, 77 

Buying gift cards, 195 

Buying video games, 69 

Car rental, 692 
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Cost of gasoline, 270, 271, 510, 598 

Cost with a coupon, 284 

Cost, 263, 267, 268, 271, 275, 279, 282, 
284, 319, 329, 374, 401, 408, 534, 536, 
698, 703, 705 
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Cruise cost, 582 

Delivery truck rental, 684-685 

Discount, 384, 385, 389, 403, 404, 405, 406 
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Estimating cost, 260, 261, 263, 264 

First-class postage, 469 
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Grocery spending, 63 
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Highest auction price, 216 

Hourly rate for repair charges, 62 

Housing expenditure, 376 

Online price, 314 

Parking rates, 66 

Paying for health care, 405 

Personal consumption expenditures, 
419 

Planning a vacation, 45 

Price of hotel rooms, 401 

Prices, 404, 504, 692, 693, 699 

Purchasing, 62, 66, 81, 134, 158, 261, 
263, 266-267, 311 

Rent, 701 

Rice consumption, 221 

Sale prices, 378, 385, 403, 404, 405, 679 

Spending on groceries, 373 

Spending on pets, 233 

Spending on restaurant meals, 372-373 

Taxi fares, 693 

Tipping, 377, 380, 694 

Total cost, 57 261, 282 

Transportation costs, 99 

Transportation expenditure, 376 

Travel expenses, 374 

Unit price, 294, 295, 298, 299, 308, 329, 
330, 331, 332, 333, 336, 408, 475, 598, 
703 

US. timberland, 510 

Van rental, 692 

Vegetable consumption, 470 

Wasting water, 510 

What Americans eat, 213 


Domestic 

Bake sale, 172 

Baking, 158, 284 

Bed sheets, 58 

Bolt of fabric, 598 

Cutco cutlery, 185 

Cutting ribbon, 408 

Fabric strips, 475 

Flower vase, 140 

Knitting a scarf, 134, 683-684 

Mural painting, 192 

Painting a decorative border, 207 

Peat moss needed for rose bushes, 125 

Planting flowers, 182 

Quilt design, 172 

Recipes, 112, 128, 142, 159, 193, 207, 
211, 259, 336, 364, 475, 644 

Ribbon needed to make a bow, 114, 
536 

Sewing, 136, 142, 183, 207 

Upholstery fabric, 183 


Economics 

Assessed value of a house, 128 

China’s national debt, 237 

Cost of living index, 426 

Currency exchange, 221, 318, 331 

Dow Jones Industrial Average, 273, 
370-372, 378 

Exports, 85, 128, 258 

Facebook stock, 427 

FICO scores, 117 

Gold prices, 422 

Home listing price, 691 

Housing costs, 65 

Imports, 237, 258 

IRS driving allowance, 267-268 

IRS processing income tax refunds, 233 

McDonald’s stock, 264 

Meals tax, 403, 504 

Median home prices, 439 

Property taxes, 275 

Real-estate values, 319 

Sales tax, 381, 382, 386, 387, 401, 403, 
405, 461, 536, 582, 598, 632, 689, 699 

Selling price of houses, 429-430 

Stock market changes, 642 

Stock prices, 221, 374, 601, 618, 621, 
634, 639, 693, 705 

Tax freedom day, 291 

Taxes, 705 

Tax-exempt organization, 699 

Tax-refund fraud, 379 

Trade balance, 66 

US. national debt, 237 


Education 

ACT scores, 446 

Art departments sharing clay, 364 

Associate’s degrees, 142 

Bachelor’s degrees, 425 

Books in libraries, 279 

Class size, 317, 447 

College acceptance, 123 

College costs, 468 

College enrollment, 62, 451, 455, 691 

College profile, 129 

College students living in dorms, 144 

College tuition, 41, 164, 270, 451, 455 

Course grade, 431, 432 

Culinary arts department, 158 

Dean’s list, 644 

Distance from college, 164 

Enrollment in Japanese classes, 190 

Exam scores, 432, 461 

Foreign students, 402, 419 

Full-time students working, 474 

Grade point average, 431-432, 439, 
468, 473 

Grading, 316, 432, 439 


Graduation rates, 343 

Highest educational level completed, 344 

Instructors at a community college, 69 

Level of education and median 
income, 142 

Master’s degrees, 142 

Online homework, 470 

Postsecondary education, 47 

Public school revenue, 446 

Reading assignment, 56, 164 

Research paper, 166 

SAT score, 374 

School fundraiser, 46 

School purchasing Chromebooks, 
266-267 

Science knowledge scores for eighth 
graders, 453 

Senior students, 504 

Sociology assignment, 444, 449 

Student ages, 705 

Student debt, 453 

Student-to-faculty ratio, 319 

Study groups, 210 

Study skills class, 452 

Study time and test grades, 315 

Substitute teaching, 128 

Test questions, 121,519 

Test scores, 76, 375, 376, 403, 444, 447, 
448, 473, 598, 688, 692, 694, 707 


Engineering 

Bicycle design, 323 

Bridge length, 519 

Channel Tunnel, 494 

Coaxial cable, 137 

Distance across a river, 325 
Electrical wiring, 270 

Electricity generation, 414 

Energy consumption, 476 

First stage detached from the rocket, 601 
Gas pipeline, 566 

Guy wire, 581 

Height of a pole, 585, 593 

Height of a tree, 324 

Height of the Statue of Liberty, 692 
Illuminated bridge, 481 

Measuring the height of a hill, 325 
Surveying, 585 

Suspension bridge, 519 


Environment 

Arctic ice, 379, 597 

Average rainfall, 454 

Average temperature, 454 
Deepest point in oceans, 642 
Elevation, 601, 618, 619, 632, 642 
Extreme climate, 606 

Great Lakes, 568 


Heat index, 416 

Highest mountains, 453, 456 

Hurricanes, 472 

Length of a lake, 325 

Length of canals, 266 

Length of the Congo River, 4 

Length of the Nile and Amazon 
Rivers, 699 

Longest rivers, 64 

Low points on continents, 619 

Mississippi River, 375, 601 

Mountain peaks in Colorado, 248 

Municipal solid waste, 63 

Number of trees on the planet, 233 

Rainfall, 159, 287 

Record snowfall, 287, 308 

Snow melting to water, 317 

Temperatures, 193, 512, 513,516, 601, 
606, 616, 618, 634, 644 

Tornadoes, 469 

Trash production, 331 

Waste generated, 471 

Water level, 461, 601 

Wind speeds, 286 

Windy cities, 258 


Finance 

Account balance, 69, 268-269, 270, 279, 
284, 634, 644 

Billionaires, 476 

Borrowing money, 404 

Budgets, 82, 129, 530 

Change received, 272 

Checking account balance, 62, 81, 134, 
195, 269, 274, 275, 619, 620 

Compound interest, 391, 392, 393, 397, 
402, 404, 405, 406, 408, 530, 547 598 

Credit cards, 266, 377, 379, 393-395, 
398, 404, 406, 619, 693 

Deposit and withdrawal, 606 

Disposable income, 416 

Effective yield, 398 

Equal shares of money, 211 

Expense needs, 306 

Home improvement loan, 68 

Inheritance, 270, 582 

Interest rates, 340, 473 

Loan interest, 693 

Loan payments, 62, 68, 84, 273, 427 

Lottery winnings, 164, 271 

Median income, 193 

Mortgage payments, 46, 378 

Non-cash payments, 273 

Overdraft fees, 268-269, 379 

Safety deposit box, 560 

Savings increase, 378 

Savings interest, 693 

Savings investment, 705 
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Simple interest, 390, 391, 396, 402, 404, 
405, 521, 536, 598, 632, 688, 705 

Total assets, 639 

Travel funds, 270 

Tuition loan, 128, 284 


Food 

Bagged salad greens, 333 

Berry salad, 156 

Boxes of candy, 134 

Brussel sprouts, 439 

Candy bar, 99 

Candy in giveaway bags, 63 

Case of soda, 619 

Cereal, 134, 136, 314, 317 351, 
417-418, 504 

Cheese, 167, 306 

Chocolate desserts, 424 

Chocolate fudge bars, 190 

Coffee drinks, 287 

Cookies, 694 

Créme de Menthe Thins, 134 

Doughnuts, 26 

Egg costs, 332 

Favorite ice cream, 403 

Flounder fillet, 229 

Fudge, 306 

Game snacks, 270 

Gourmet sandwiches, 684 

Grapes, 498 

Ham servings, 333 

Hamburgers, 297, 497 

Hostess Ding Dongs®, 84 

Ice-cream roll-up cake, 101 

Iced brownies, 158 

Iced tea, 144 

Icing on cinnamon rolls, 167 

Lean boneless ham, 267 

Mangoes, 439 

Maple syrup, 315 

Margherita pizza, 166 

Marshmallow peeps, 80 

Oatmeal comparisons, 466 

Organic russet potatoes, 294 

Peanut products, 476 

Pears, 703 

Pizza, 114, 195 

Popcorn, 167 

Pork servings, 582 

Powdered milk, 598 

Serving of cheesecake, 159 

Servings of fish, 194, 229, 306 

Soda cans, 619 

Strawberry punch, 159 

Strip of taffy, 144 

Sugar, 136 

Swiss cheese, 195 

Taco filling preferences, 121, 349 
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Thanksgiving dinner, 331 
Tossed salad, 114 

Truffles, 125 

Turkey servings, 207, 316, 332 
Wasting food, 377 

Weight of cheese, 183 
Weight of eggs, 434, 504 
Weight of turkey, 183 


Geometry 

Angles of a triangle, 686-687, 689, 693, 
699, 701 

Area of a border, 545 

Area of a circular region, 552, 553, 554 

Area of a field, 545 

Area of a kite, 542 

Area of a lawn, 545 
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57-58, 63, 67, 82, 84, 112, 114, 192, 273, 
284, 541, 542, 545, 590, 591, 592, 644 

Area of a sidewalk, 545, 554 
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Area of lots, 272, 314 

Building area, 547 

Circumference of a circle, 549, 553, 554 

Diameter of a circle, 553,554 

Dimensions of a rectangular region, 
184, 270, 291, 685-686, 692, 699, 701 

Lengths of a carpet runner, 698 

Office space area, 25 

Open cardboard container, 84 

Perimeter of a rectangular region, 11, 
13, 67, 82, 84, 184, 273, 314, 534, 536, 
582, 590, 686, 689 

Perimeter of a square region, 13, 137,536 

Radius of a circle, 554 

Triangular sail, 547 

Volume of a circular cone, 567, 582 

Volume of a cube, 567 568 

Volume of a cylinder, 566, 567, 582, 644 

Volume of a medicine capsule, 563 

Volume of a propane gas tank, 563 

Volume of a rectangular solid, 560, 567 

Volume of a sphere, 562, 566, 567 568, 582 

Volume of a submarine, 567 

Width of a rectangular region, 289, 
291, 308, 312, 322, 323, 689 


Government 

Budget for military defense, 354 

Committee in the United States 
Senate, 141 

Federal taxes spending, 350 

Library of Congress, 279 

Presidential assassinations in office, 369 

Presidential libraries, 494 

Spending on health care, 234 

Women in Congress, 341 
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Birth weights of triplets, 199 

Blood alcohol level, 340 

Blood types, 344 

Body temperature, 271, 275 

Brushing teeth, 136 

Caffeine, 65, 158 

Calcium supplement, 330 

Calories, 84, 274, 287 309, 314, 317, 334, 
418, 691 

Daily vitamin requirements, 351 

Desirable body weights, 471 

Doses of an antibiotic, 132-133 

Fatal medical errors, 407 

Heart disease, 476 

Heights, 62, 183, 306, 314, 439 

High blood pressure, 344 

Human heart rate, 298 

Impulses in nerve fibers, 297 

Length of pregnancy, 439 

Life expectancy, 216, 282 

Medical dosage, 159, 500, 503, 504, 506, 
507, 509, 510, 525, 526, 528 

Medicine capsule, 563 

Milk alternatives, 691 

Multivitamin-mineral supplements, 405 

Nutrition, 417-418 

Organ transplants in the United States, 
337, 375 

Overweight Americans, 316 

Patients a doctor sees in a week, 679 

Physical therapists, 408 

Physician specialties, 403 

Prevalence of diabetes, 316 

Recommended dosage, 310, 316 

Rehabilitation program, 167 

Sitting vs. exercising, 338 

Sodium consumption, 279 

Waist-to-hip ratio, 311-312 

Walking laps at a health club, 210 

Water output by sweating, 403 

Weight loss, 60-61, 68, 274, 378, 530 

Weight of a human brain, 556 
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Careers in medicine, 291 

Commission, 383-384, 387, 388, 389, 
402, 403, 404, 405, 406, 476, 530, 536, 
556, 679, 698, 705 

Construction pay, 274 

Earnings, 142, 638 

Employment growth, 297 

Firefighting, 597 

Government payroll, 3 

Hourly wage, 279, 294 

Job opportunities, 406 

Labor force age 65 and older, 359 

Late to work, 704 


Level of education and median 
income, 142 

Microsoft interview, 167 

New jobs, 68 

Nurse practitioners, 379 

Pay rate, 195, 329 

Police officers, 107 

Raises, 404 

Salaries, 319, 375, 404, 408, 433, 439, 
442, 468, 679, 699, 705 

Sick leave, 341 

Sports salaries, 7 

Summer work, 274 

Take-home pay, 273 

Unemployment rates, 454 

US. armed forces, 377 

Vacation days, 190 

Women in the workforce, 376 


Miscellaneous 

Aalsmeer Flower Auction, 521 

Actual time in a day, 515 

Baby names, 451 

Beverage choices, 452 

Bird feeders, 306 

Book circulation, 472 

Book size, 184 

Bookshelves in an office, 69 

Bubble wrap, 164 

Bucket holding water, 136 

Candy colors, 464 

Choosing a day or month at random, 
464, 467 

Cord of wood, 560 

Do Not Call Registry, 7, 441 

Dog height, 183 

Dog ownership, 190 

Drawing a cube out of a bag, 474 

Drawing a marble from a bag, 457, 458, 
460, 462, 463 

Drawing mini chocolate bars out of a 
bag, 474 

Extensions cords, 136 

Fashion design, 183 

First language, 346 

Flipping a coin, 254, 457 458, 463, 464, 474 

Flywheel revolutions, 330 

Gallon of paint, 222 

Gasoline can or tank capacity, 114, 134, 
137, 140 

Goliath’s height, 483 

Grass in a yard, 273 

Guessing the number of marbles in a 
jar, 334 

Guitar design, 183 

Gypsy-moth tape, 553 

Hair donation, 180 

Height of a billboard, 332 


Height of a flagpole, 321, 324 

History of Times Square Ball, 531, 566 

Hours in a week, 65 

Index cards, 11 

Interpreters and translators, 529 

Koi pond, 189 

Landline phones, 343 

Landscaping, 125, 137, 476 

Lawn mowing, 374 

Lawn watering, 298, 330 

Lefties, 317 

Length of rope, 598 

Lincoln-head pennies, 81 

Locker numbers, 689 

Longest tunnels, 192 

Machine stamping out washers, 336 

Magic tricks, 190 

Mailing labels, 66 

Medals of Honor, 691 

Mine rescue, 630 

Minutes in a day or more, 65, 98 

Mosquito netting, 541 

National parks, 73-74, 291 

Noah’s Ark, 483 

Package tape, 314 

Packages in a carton, 284 

Paper measures, 66 

Pieces of mail, 634 

Puppies and kittens, 106 

Pyramid of Cheops, 585 
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464 

Rolling a die, 457, 459, 463, 464, 474 

Selecting a card, 460, 462, 463, 469, 470 

Selecting an audience member, 460 

Shadow length, 324 

Spinning a spinner, 459, 461, 463, 469 

Spreadsheet entries, 64 

Staplers, 84 

Stringing lights around the roof of a 
gazebo, 536 

Tank capacity, 272 

Tattoos, 342 

Temperature in enclosed vehicle, 423 

Thermos bottle capacity, 164 

Thickness of money, 492 

Tiananmen Square, 137 

Time length, 515 

Time loss on a watch, 333 

Volume of mail, 372 

Water depth, 185 

Winterizing a swimming pool, 183 

Wire to make a spring, 133 


Physics 

Speed of light, 69, 297 
Speed of sound, 297 
Wheel revolutions, 275 


Social Sciences 

Accessing Facebook, 483 
Banquet attendance, 46 

Camp sponsorships, 632 

Charity donations, 461, 632, 705 
Charity work, 334 

Emergency food pantry fund, 211 
Foreign adoptions, 405 

Fraternity or sorority membership, 689 
Heifer International, 3-4 
Homelessness, 469 

Humane Society pie sale, 207 
Languages, 99, 284, 346 
Volunteering, 158 

Wigs for Kids, 180 

World undernourishment, 1 


Sports/Entertainment 

Amusement park visitors, 645 

Average number of career hits, 74 

Babe Ruth, 294 

Baseball, 13, 25, 102, 319, 379, 449, 584 

Basketball courts, 67, 686 

Batting averages, 121, 257, 405, 430 

Biking posture, 569 

Billiard table, 536 

Boston Marathon, 272 

Bowling, 562 

Broadway musicals, 297 

Broadway shows, 2, 6 

Champion women’s gymnastics teams, 
443 

Collecting baseball memorabilia, 389 

College band, 62 

Concert tickets, 14 

Cross-country skiing, 211 

Crossword puzzle, 64, 66 

Daytona International Speedway, 491 

Diver’s position, 634 

Earned run average, 319 

Everybody Loves Raymond episodes, 66 

Field hockey, 291 

500 Festival Mini-Marathon, 691 

Fly fishing, 185 

Football, 112, 491 

Free throws, 308 

Golf, 306, 341, 568 

Grand slam tennis tournaments, 450 

Guitarist, 159 

Hank Aaron, 440 

Height of basketball players, 493 

Hiking, 159, 201 

The Hobbit: An Unexpected Journey, 315 

Hockey, 13, 25, 327 

Home runs, 319 

Ice-skating rink, 123 

Indianapolis 500, 193, 221, 249 

Jogging, 175 


Index of Applications ‘xix 


Lacrosse field, 341, 685-686 

Los Angeles Lakers points per game, 454 

Major League World Series, 443 

Marathon training, 461 

Media usage, 287 

Men’s 4 X 100 meter medley relay 
team, 214 

Men’s long-jump world records, 179 

Men’s soccer: high school to pro, 114 

Mountain climbing, 167 

Movie opening revenues, 272 

Movie theater tickets, 440, 701 

Movies released, 331, 440 

Museum attendance, 408, 438 

NASCAR racing, 7 

National park visitation, 640 

NBA, 288, 408 

Olympic marathon, 491 

Olympic trampoline, 82 

100-meter dash, 491 

Photography Club, 128, 476 

Playing games, 175 

Points scored in a basketball game, 
431, 454 

Pole vault pit, 273 

Pool tables, 23, 84 

Purchasing tickets to a food festival, 
310-311 

Radio and television stations, 6, 483 

Raffle tickets, 190 

Roller coasters, 28, 413, 519, 687-688 

Roller-rink floor, 554 

Running, 207, 208, 216, 683 

Seinfeld episodes, 66 

Set of weights, 378 

Soccer, 319, 336 

Softball diamond, 584 

Sports equipment, 106 

State parks in the United States, 5 

Strikeouts per home run, 294, 306 

Summer Olympics, 4-5, 64 

Super Bowl TV viewership, 634 

Swimming, 164, 166 

Television game show winners, 644 

Tennis court, 590, 593 

Tickets to a campus theater 
production, 329 

Top movie in theater revenue, 249 

Touchdown passes, 442 

Training regimes, 188 

Trampoline, 554 

Triathlon, 159 

Vertical leaps, 201 

Walkathon, 211 

Walking distance, 210, 374, 408, 598, 
644, 705 

Walking rate, 334 

Weight of wrestlers, 248 


xXx Index of Applications 


Women’s basketball: high school to 
pro, 114 

Women’s dunks, 210 

World running records, 494, 526, 528 

Yardage gained or lost, 601, 640 


Statistics/Demographics 

Americans eating chocolate, 278 

Area of Colorado, 4, 77 

Area of Lake Ontario, 692 

Area of oceans, 8, 237 

Area of Russia, 278 

Areas of the New England states, 258 

Birth rate, 221 

Boundaries between countries, 64 

Centenarians, 379 

Change in population, 374 

City population, 47, 193, 205 

Colonial population, 65 

Countries in Africa, 102 

Dimensions of Wyoming, 698 

Foreign-born population, 99, 338 

Growth in digital play, 344 

Island population, 689 

Largest states, 84 

Lawyers per capita, 331 

Living veterans, 377 

Longevity beyond age 65, 428 

Median age, 215 

Most populous countries in the world, 7 

Percentage of kids believing they are 
too fat, 456 

Percentage of people living in Asia, 
405 

Population decrease, 408 

Population density, 244, 296, 
411-412 

Population, 380, 504, 519, 634, 642, 705 

Residents age 14 or younger, 343 

Smoking cigarettes, 351 

State populations, 192, 205 

States east of the Mississippi River, 107 

States north of Nashville, Tennessee, 
107 

Survey on favorite milkshake flavor, 
355 

Survey results, 444-446, 450 

Tallest mountain in the world, 619 

Urban population, 338 

US. population by age, 351, 421, 529 

World population, 5, 274, 281, 338, 375 


Technology 

Apps, 634 

Digital downloads, 464 

HDTV screen, 289 

Internet usage and Smartphone own- 
ership, 468 


iRobot Roomba, 214 
Pixels, 64 

Robocalls, 233-234 
Scanning blueprints, 282 
Scanning posters, 279 
Video games, 55 
Websites, 3 

Word processing, 194 


Transportation 

Airplane seating configuration, 68 

Airplane’s distance, 585 

Airport control tower, 691 

Bicycle paths, 133 

Bicycling, 134, 190, 317 

Buses needed for a field trip, 34 

Busiest airport, 7 

Busiest U.S. ports, 254 

Car travel, 336 

Carry-on luggage, 560 

City driving, 296 

Commuting time, 426 

Cruise vacations, 384 

Cycling in Vietnam, 682-683 

Distance between cities, 329, 491, 493 

Distance from a city, 183, 229 

Driving distance, 519 

Gotthard Base Tunnel, 492 

Highway driving, 296 

Highway routes, 272 

Length of trip, 142, 705 

Long airline flights, 137 

Longest railway tunnels, 477 

Map drawing, 67 

Map scaling, 128, 318, 334, 408 

Miles driven, 272, 317 430, 530 

Nonstop flight, 183 

Pacific Coast Highway, 492 

Panama Canal expansion, 343 

Passports, 634 

Pedestrian paths, 481 

Predicting total distance, 309 

Rail miles, 461 

Rate (speed), 294, 297, 298 

Segway® tour, 158 

Spending on the interstate highway 
system, 233 

State highway beautification project, 
158 

Submarine depth, 601 

Summer vacation destination, 141 

Sunken ships, 606 

Traffic congestion delays, 409, 438 

Train travel, 331 

Transportation to work, 367-368 

Travel distance, 56, 63, 133, 142, 179, 
188, 333 

Vacation miles, 461 
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Many people around the world lack access to clean water or to sufficient food. 
Approximately 663 million people, or 9% of the world’s population, drink water 


that is not clean. F 
Hungeris ateality World Undernourishment 
for even more 25% 
people: 10% of the 5 3 . 
world’s population 5 ¥ 
lacks sufficient 23 

: = £ 15 
nourishment. 5 3 
As the graph 25 49 
Lod o 2 
indicates, some 2 a 
regions of the os s 
world are more 
affected b 

v Developed Developing Africa Asia Oceania 

undernourishment regions _ regions 
than others. Region 


DATA: worldhunger.org 


DATA: charitywater.org; actionagainsthunger.org; stopthehunger.com 


In Example 8 and Margin Exercise 9 of Section 1.1, we will examine the 
numbers of families helped by one charity that seeks to alleviate hunger. 1 


STUDYING FORSUCCESS Getting Off to a Good Start 


{-]} Your syllabus for this course is extremely important. Read it carefully, noting required texts and 
materials. 

{_) Ifthere is an online component for your course, register for it as soon as possible. 

{-) At the front of the text, you will find a Student Organizer card. This pullout card will help you keep 
track of important dates and useful contact information. 


Standard Notation 


se 


OBJECTIVES 


(a) Give the meaning of digits 
in standard notation. 


We study mathematics in order to be able to solve problems. In this section, 
we study how numbers are named. We begin with the concept of place value. 


(@) PLACE VALUE 


Attendance at various types of Broadway performances in New York City 
for the 2016-2017 season is given in the following table. 


Db Convert from standard notation 
to expanded notation. 


@ Convert between standard 
notation and word names. 


PERFORMANCE ATTENDANCE 


Musicals 
Plays 
Specials 


DATA: The Broadway League 


A digit is a number 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9 that names a place-value 
location. For large numbers, digits are separated by commas into groups of 
three, called periods. Each period has a name: ones, thousands, millions, 
billions, trillions, and so on. To understand the number of people attending 
Broadway musicals in the table above, we can use a place-value chart, as 
shown below. 


PLACE-VALUE CHART 


Periods Trillions Billions Thousands 
6 


Hundreds | n 


3 

Dn Dn Dn Dn 
no} Me) ke} as} 
o o oO o 
=| | | =| 
13} ue} Ks] ss) 
= | =| | 
EI EI EI 

x a q q 


"ye “¥ Y 


11 millions 362thousands 732 ones 
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EXAMPLES Ineach of the following numbers, what does the digit 8 mean? 


1. 278,342 8 thousands 

2. 872,342 8 hundred thousands 
3. 28,343,399,223 8 billions 

4. 98,413,099 8 millions 

5. 6328 8 ones 


Do Exercises 1-6 (in the margin at right). D> 


EXAMPLE 6 Websites. In July 2017, the total number of active websites 
on the world wide web was 1,225,423,079. What digit names the number of 
ten millions? 

Data: internetlivestats.com 


Ten millions 


The digit 2 is in the ten millions place, so 2 names the number of ten millions. 


1,225,423,079 


Do Exercise 7. > 


Db CONVERTING FROM STANDARD NOTATION 
TO EXPANDED NOTATION 


Heifer International is a charitable organization whose mission is to work 
with communities to end hunger and poverty and care for the earth by pro- 
viding farm animals to impoverished families around the world. Consider the 
data in the following table. 


NUMBER OF FAMILIES ASSISTED 


GEOGRAPHICAL AREAS DIRECTLY AND INDIRECTLY BY HEIFER 
OF NEED INTERNATIONAL IN 2016 
Africa 959,734 
Americas 640,604 
Asia, South Pacific 1,699,836 
Central and Eastern Europe 254,427 


DATA: Heifer International 2016 Annual Report 


What does the digit 2 mean in each 
number? 


1. 526,555 2. 265,789 


3. 42,789,654 4. 24,789,654 


5. 8924 6. 5,643,201 


7. Government Payroll. In 2015, 
the total payroll for all full-time 
federal employees in the United 
States was $19,369,134,421. 
What digit names the number 
of ten billions? 


Data: U.S. Census Bureau 


Answers 


1. 2ten thousands 2. 2 hundred thousands 
3. 2 millions 4. 2 ten millions 5. 2 tens 
6. 2hundreds 7. 1 


SECTION 1.1 Standard Notation 3 


Write expanded notation. 


8. 2718 mi, the length of the 
Congo River in Africa 


2718 = 2 ar 7 
SF (Ii sr 


bcs 


ones 


9, 254,427, the number of families 
in Central and Eastern Europe 
assisted by Heifer International 


in 2016 


10. 1670 ft, the height of the Taipei 


101 Tower in Taiwan 


11. 104,094 square miles, the area 


of Colorado 


Answers 


8. 2 thousands + 7 hundreds + 1 ten + 8 ones 
9. 2 hundred thousands + 5 ten thousands 


Guided Solution: 
8. thousands, hundreds, 1, 8 
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+4 thousands + 4hundreds + 2 tens + 7 ones 
10. 1 thousand + 6 hundreds + 7 tens 
+ 0 ones, or 1 thousand + 6 hundreds + 7 tens 
11. 1 hundred thousand + 0 ten thousands 

+ 4thousands + 0 hundreds + 9 tens 

+ 4 ones, or 1 hundred thousand 

+ 4thousands + 9 tens + 4 ones 


Whole Numbers 


The number of families assisted in Africa was 959,734. This number is 
expressed in standard notation. We write expanded notation for 959,734 as 
follows: 


959,734 = 9 hundred thousands + 5 ten thousands 
+9 thousands + 7 hundreds 
+ 3tens + 4 ones. 


EXAMPLE 7 Write expanded notation for 1776 ft, the height of One 
World Trade Center in New York City. 


1776 = 1 thousand + 7 hundreds + 7 tens + 6 ones 6 


EXAMPLE 8 Write expanded notation for 640,604, the number of families 
in the Americas assisted by Heifer International in 2016. 


640,604 = 6 hundred thousands + 4 ten thousands 
+0 thousands + 6 hundreds + 0 tens + 4 ones 


or 
6 hundred thousands + 4 ten thousands + 6 hundreds + 4 ones 


«@ Do Exercises 8-11. 


CONVERTING BETWEEN STANDARD NOTATION 
AND WORD NAMES 


We often use word names for numbers. When we pronounce a number, 
we are speaking its word name. Russia won 56 medals in the 2016 Summer 
Olympics in Rio de Janeiro, Brazil. A word name for 56 is “fifty-six.” Word 
names for some two-digit numbers like 36, 51, and 72 use hyphens. Others, 
like that for 17, use only one word, “seventeen.” 


2016 Summer Olympics Medal Count 


COUNTRY GOLD SILVER BRONZE | TOTAL 


United States _ A 37 38 121 


of America ~* 
7 ; 
Great Britain ¥ \ Bw 17 wae’ 
People’s Republic © 
of China oe” 26 18 26 70 
ax Russia 7 19 18 19 56 


= Germany 17 10 15 42 


DATA: espn.com 


EXAMPLES Write a word name. 
9. 46, the number of gold medals won by the United States 


Forty-six 
10. 15, the number of bronze medals won by Germany 
Fifteen 
11. 121, the total number of medals won by the United States 
One hundred twenty-one 
Do Exercises 12-14. D 
For word names for larger numbers, we begin at the left with the larg- 
est period. The number named in the period is followed by the name of the 
period; then a comma is written and the next number and period are named. 


Note that the name of the ones period is not included in the word name for 
a whole number. 


EXAMPLE 12 Write a word name for 46,605,314,732. 


Forty-six billion, | 


six hundred five million, 


three hundred fourteen thousand, 

seven hundred thirty-two 
The word “and” should not appear in word names for whole numbers. 
Although we commonly hear such expressions as “two hundred and one,” 
the use of “and” is not, strictly speaking, correct in word names for whole 
numbers. For decimal notation, it is appropriate to use “and” for the deci- 


mal point. For example, 317.4 is read as “three hundred seventeen and four 
tenths.” 


Do Exercises 15-18. D> 


EXAMPLE 13 Write standard notation. 
Five hundred six million, 


three hundred forty-five thousand, 


two hundred twelve 
y | 


Standard notation is 506,345,212. 


Do Exercise 19. > 


Write a word name. (Refer to the 
chart on the previous page.) 


12. 67, the total number of medals 
won by Great Britain 


13. 18, the number of silver medals 
won by the People’s Republic 
of China 


14. 38, the number of bronze med- 
als won by the United States 


Write a word name. 
15. 204 


16. 10,336, the number of state 
parks in the United States 


Data: stateparks.org 


17. 1,879,204 
. DB 


One , eight 
hundred thousand, 
two hundred 


18. 7,401,989,718, the world 
population in 2017 


Data: U.S. Census Bureau 


19. Write standard notation. 


Two hundred thirteen million, 
one hundred five thousand, 
three hundred twenty-nine 


Answers 


12. Sixty-seven 13. Eighteen 

14. Thirty-eight 15. Two hundred four 
16. Ten thousand, three hundred thirty-six 
17. One million, eight hundred seventy- 
nine thousand, two hundred four 

18. Seven billion, four hundred one 
million, nine hundred eighty-nine 
thousand, seven hundred eighteen 

19. 213,105,329 


Guided Solution: 
17. Million, seventy-nine, four 


SECTION 1.1 Standard Notation : 5 


FOR 
EXTRA 


v Check Your Understanding 


Reading Check Complete each statement with the correct word from the following list. 


digit expanded period standard 
RC1. In 983, the 9 represents 9 hundreds. 


RC2. In 615,702, the number 615 is in the thousands 


RC3. The phrase “3 hundreds + 2 tens + 9 ones” is notation for 329. 


RC4. The number 721 is written in notation. 


Concept Check Write a word name. 
CC1. 5,000,000 CC2. 42,000,000 CC3. 3,000,000,000 


CC4. 18,000,000,000 CCS. 7,000,000,000,000 CC6. 40,000,000,000,000 


[a) What does the digit 5 mean in each number? 


1. 235,888 2. 253,777 3. 1,488,526 4. 500,736 


Broadway Shows. In the 2016-2017 season, Broadway shows grossed $1,449,321,564. What digit names the number of: 
5. thousands? 6. millions? 7. ten millions? 8. hundred thousands? 


b Write expanded notation. 


Radio and Television Stations. The figure below shows the number of AM radio, FM radio, and full-power television 
stations in the United States. In Exercises 9-12, write expanded notation for the given number of stations. 


Radio and Television Stations 9, 4692 AM radio stations 
AM radio 
stations 
; 10. 6688 commercial FM radio stations 
Commercial 


FM radio stations 


Educational 


FM radio stations 11. 4090 educational FM radio stations 


Full-power (Fe: 

television stations : ees: 
= me. <a Fes it if ae . 
1000 3000 5000 7000 12. 1786 full-power television stations 


Number of stations 


DATA: radiosurvivor.com; Federal Communications Commission 
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13. 93,986 


15. 401,690 


14. 


16. 


38,453 


135,080 


Population. The table below shows the populations of four countries in 2016. In Exercises 17-20, write expanded notation 


for the given population. 


Four Most Populous Countries in the World 


COUNTRY 


China 
India 
United States 
Indonesia 


DATA: The CIA World Factbook 


17. 1,373,541,278 for China 


19. 258,316,051 for Indonesia 


je Write a word name. 


21. 85 22. 48 
25. 123,765 26. 111,013 


29. Airports. In 2017, the world’s busiest airport, 
Hartsfield-Jackson Atlanta International Airport, 
scheduled 394,249 departures. Write a word name for 
394,249. 


Data: U.S. Bureau of Transportation Statistics 


31. Sports Salaries. The average annual salary over the 
life of his contract for Major League Baseball player 
Clayton Kershaw is $30,714,286. Write a word name 
for 30,714,286. 


Data: USA Today 


18. 


20. 


23. 


27. 


30. 


32. 


1,266,883,598 for India 


323,995,528 for the United States 


88,000 24. 45,987 
7,754,211,577 28. 43,550,651,808 
NASCAR Racing. The average attendance at a 


NASCAR race is 99,853. Write a word name for 
99,853. 


Data: statisticbrain.com 


Do Not Call Registry. The number of active regis- 
trations in the National Do Not Call Registry in 2016 
was 226,001,288. Write a word name for 226,001,288. 


Data: Federal Trade Commission 


SECTION 1.1 Standard Notation 


Write each number in standard notation. 


33. 


35. 


37. 


39. 


41. 


43. 


Six hundred thirty-two thousand, eight hundred 
ninety-six 


Fifty thousand, three hundred twenty-four 


Two million, two hundred thirty-three thousand, eight 
hundred twelve 


Eight billion 


Forty million 


Thirty million, one hundred three 


Write standard notation for the number in each sentence. 


45. 


Synthesis 


Pacific Ocean. The area of the Pacific Ocean is 
sixty-four million, one hundred eighty-six thousand 
square miles. 


34. 


36. 


38. 


40. 


42. 


44, 


46. 


Three hundred fifty-four thousand, seven hundred two 


Seventeen thousand, one hundred twelve 


Nineteen million, six hundred ten thousand, four hun- 
dred thirty-nine 


Seven hundred million 


Twenty-six billion 


Two hundred thousand, seventeen 


The average distance from the sun to Neptune is 
two billion, seven hundred ninety-three million 
miles. 


To the student and the instructor: The Synthesis exercises found at the end of every exercise set challenge students to com- 
bine concepts or skills studied in the section or in preceding parts of the text. Exercises marked with a |i] symbol are meant 
to be solved using a calculator. 


47. 


How many whole numbers between 100 and 400 
contain the digit 2 in their standard notation? 


CHAPTER1 Whole Numbers 


48. 


What is the largest number that you can name on 
8 y' 

your calculator using standard notation? How many 

digits does that number have? How many periods? 
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Addition 


1.2 


a ADDITION OF WHOLE NUMBERS 
OBJECTIVES 


To answer questions such as “How many?”, “How much?”, and “How tall?”, eee 
we often use whole numbers. The set, or collection, of whole numbers is 
(a) Add whole numbers. 


0, 1,2,3, 4,5, 6, 7,8,9,10,11,12,.... b liseadehnoninanding 
perimeter. 


The set goes on indefinitely. There is no largest whole number, and the 
smallest whole number is 0. Each whole number can be named using vari- 
ous notations. The set 1, 2,3,4,5,..., without 0, is called the set of natural 
numbers. 

Addition of whole numbers corresponds to combining things together. 


Give the meaning of digits in 


3 cards 2 cards 5 cards : 
standard notation. {1.1a] 


In each of the following 
numbers, what does the digit 4 
mean? 


1. 8342 2. 14,976 


Answers: 1. 4 tens 
MyLab Math 
VIDEO 


2. 4 thousands 


We say that the sum of 3 and 2 is 5. The numbers added are called 
addends. The addition that corresponds to the figure above is 


3 + 2 = 5. 


V V V 


Addend Addend Sum 


To add whole numbers, we add the ones digits first, then the tens, then 
the hundreds, then the thousands, and so on. 


EXAMPLE 1 Add: 878 + 995. 


Place values are lined up in columns. 


1 
8 7 8 Add ones. We get 13 ones, or 1 ten + 3 ones. 
+ 99 5 Write 3 in the ones column and 1 above the tens. 
3 This is called carrying, or regrouping. 


1 
7 8 Add tens. We get 17 tens, so we have 10 tens + 7 tens. 
+99 5 This is also 1 hundred + 7 tens. Write 7 in the tens 
7 column and 1 above the hundreds. 


im 
8 7 8 Add hundreds. We get 18 hundreds. 
+ 9 9 5 
1 8 7 3<— _ Weshow you these steps for explanation. 
You need write only this. 
1 1 
od oe Addends 
+ 9 9 S< 
1 8 7 3<—Sum e 


SECTION 1.2 Addition; 9 


How do we perform an addition of three numbers, like 2 + 3 + 6? We 
could do it by adding 3 and 6, and then 2. We can show this with parentheses: 


2+ (3+6)=24+9=11. Parentheses tell what to do first. 
We could also add 2 and 3, and then 6: 
(2+3)+6=5+6=11. 


Either way the result is 11. It does not matter how we group the numbers. 
This illustrates the associative law of addition, a + (b + c) = (a+b) +c. 
We can also add whole numbers in any order. That is, 2 + 3 = 3 + 2. This 
illustrates the commutative law of addition, a + b = b + a. Together, the 
commutative and associative laws tell us that to add more than two numbers, 
we can use any order and grouping we wish. Adding 0 to a number does not 
change the number: a+ 0 =0+a=a. That is,6+0=0+6= 6, or 
198 + 0 = 0 + 198 = 198. We say that 0 is the additive identity. 


EXAMPLE 2 Add: 391 + 1276 + 789 + 5498. 


2 
3 9 Add ones. We get 24, so we have 2 tens + 4 ones. 
1276 Write 4 in the ones column and 2 above the tens. 
Add. 7 8 9 
1. 6203 + 3542 ee 
4 
277 968 res 3 B 
45497 3 9 1 Add tens. We get 35 tens, so we have 30 tens 
——s 126 + 5 tens. This is also 3 hundreds + 5 tens. Write 
789 5 in the tens column and 3 above the hundreds. 
7968 
+ 4 9 8 
- 5 4907 2 5 4 
,4 5 
1 Bl 2 
es) 9 1 Add hundreds. We get 19 hundreds, so we have 
3. 9804 4. 1932 18176 10 hundreds + 9 hundreds. This is also 1 thousand 
+6378 6723 m3 9 + 9 hundreds. Write 9 in the hundreds column and 
1 above the thousands. 
9878 + 5H 9 8 
+ 8941 954 
mM 3 2 
Answers 3.9 1 
1. 9745 2. 13,465 3. 16,182 127 6 Add thousands. We get 7 thousands. 
4. 27,474 789 
Guided Solution: 
111 + 35 4 9 8 
2. 7968 7954 
+5497 
13,465 @ Do Exercises 1-4. 


Adding Whole Numbers This is the first of a series of optional discussions on using a calculator. A calculator is not a 
requirement for this text. Check with your instructor about whether you are allowed to use a calculator in the course. 


There are many kinds of calculators and different instructions for their usage. Be sure to consult your user’s manual. 
To add whole numbers on a calculator, we use the| +] and [=| keys. After we press [=| the sum appears on the display. 


EXERCISES: Use a calculator to find each sum. 
1. 73 + 48 2. 925 + 677 3. 826 + 415 + 691 4. 253 + 490 + 121 
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Db FINDING PERIMETER 


Addition can be used when finding perimeter. 


The distance around an object is its perimeter. 


EXAMPLE 3 Find the perimeter of the figure. 


19 in. 


29 in. 


We add the lengths of the sides: 
Perimeter = 29in. + 19in. + 37in. + 44in. 
= 129in. 
The perimeter of the figure is 129 in. (inches). 
Do Exercises 5 and 6. > 


EXAMPLE 4 Lucas Oil Stadium in Indianapolis has a unique retractable 
roof. When the roof is opened (retracted) in good weather to create an open- 
air stadium, the opening approximates a rectangle 588 ft long and 300 ft 
wide. Find the perimeter of the opening. 


Opposite sides of a rectangle have equal lengths, so this rectangle has 
two sides of length 588 ft and two sides of length 300 ft. 


Perimeter = 588 ft + 300 ft + 588 ft + 300 ft 
= 1776 ft 


The perimeter of the opening is 1776 ft. 
Do Exercise 7. > 


Find the perimeter of each figure. 


cs) B Sine 


4in. 


Perimeter = 4 in. + 5in. + 
+ 6in. - Sin. 


6. 16 ft 
15 ft 15 ft 


16 ft 


7. Index Cards. Two standard 
sizes for index cards are 3 in. by 
5 in. and 5 in. by 8 in. Find the 
perimeter of each type of card. 


Answers 
5. 29in. 6. 62 ft 7. 16 in.; 26 in. 


Guided Solution: 
5. 9 in., 29 
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FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Complete each statement with the appropriate word or number from the following list. Not every 


choice will be used. 


0 addends law product 
il factors perimeter sum 


RC1. In the addition 5 + 2 = 7, the numbers 5 and 2 are 


RC2. In the addition 5 + 2 = 7, the number 7 is the 


RC3. The sum of and any number a is a. 


RC4. The distance around an object is its 


Concept Check Add. 


CC1. 20 + 30 CC2. 20 + 90 CC3. 300 + 500 
CC4. 800 + 900 CCS. 5000 + 1000 CC6. 1000 + 9000 
@ Add. 
1 364 a 15214 3 «8 6 4 93 
ae OS & 3 a-8 +78 +69 
5 61716 & 7503 7 99 8 999 
+ SHED + 2683 ae a 
9. 8113 + 390 10. 271 + 3338 11. 356 + 4910 12. 280 + 34,902 
13. 3870 + 92 + 7 + 497 14. 10,120 + 12,989 + 5738 
5% 4825 16. 3654 7 23.443 1%. 45,879 
+ 4783 + 29 00 + 10,989 + 21,786 
19. 77,543 2. 99,999 21. 42645 2. 38 
O87 G7 a. ee 25 7 
36 $9 
44 14 
+ 80 + 76 
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23. 12,070 24. 42,487 25. 4835 26. 989 


2,95 4 83,141 729 5 66 
+ 3,400 + 36,712 9204 83 4 
8986 920 

+7931 + 7-03 


b Find the perimeter of each figure. 


27. 50 yd 28. ee 
22 mi ube 
23 yd 
10 mi 
19 yd 47 mi 
40 yd 
29. 30. 62 yd 
39 yd 
28 yd 
212 ft 
46 yd 54 yd 
453 ft 
31. Find the perimeter of a standard hockey rink. 32. In Major League Baseball, how far does a batter travel 


when circling the bases after hitting a home run? 


SKULL Maimtemame iii cccccccceccecccccccccccececceseesevecveveeveseeceevetvesvessevesvssvstvstssvssvetvatsvssvesvetvevsessveseeeses 


The exercises that follow begin an important feature called Skill Maintenance exercises. These exercises provide an ongoing 
review of topics previously covered in the text. You will see them in virtually every exercise set. It has been found that this 
kind of continuing review can significantly improve your performance on a final examination. 


33. What does the digit 8 mean in 486,205? [1.1a] 34. Write a word name for 9,346,399,468.  [1.1c] 


PUN SN ct ee ete nae elect a nycen scanner teaereein teint ra tnen seeder bardeneadeemeesesntatecti ten eeenteeicieds 


35. A fast way to add all the numbers from 1 to 10 inclusive is to pair 1 with 9, 2 with 8, and so on. Use a similar approach to 
add all numbers from 1 to 100 inclusive. 
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Subtraction 


1.3 


OBJECTIVE 


a Subtract whole numbers. 


(@) SUBTRACTION OF WHOLE NUMBERS 


Give the meaning of digits in standard notation. |1.1a] 
Consider the number 328,974. 


1. What digit names the 2. What digit names the 
number of hundreds? number of ones? 


Answers: 1.9 2.4 
MyLab Math 
VIDEO 


Subtraction is finding the difference of two numbers. Suppose you purchase 
6 tickets for a concert and give 2 to a friend. 


6 tickets 


Give 2 away 


The subtraction that represents this situation is 


6 - 2 = 4, 


Minuend Subtrahend Difference 


The minuend is the number from which another number is being subtracted. 
The subtrahend is the number being subtracted. The difference is the result 
of subtracting the subtrahend from the minuend. 

In the subtraction above, note that the difference, 4, is the number we 
add to 2 to get 6. This illustrates the relationship between addition and sub- 
traction and leads us to the following definition of subtraction. 


SUBTRACTION 


The difference a — b is that unique whole number c for which 
a=ct+b. 


We see that 6 — 2 = 4 because 4 + 2 = 6. 
To subtract whole numbers, we subtract the ones digits first, then the 
tens digits, then the hundreds, then the thousands, and so on. 
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EXAMPLE 1. Subtract: 9768 — 4320. 


9 7 6 8 Subtract 
—~- 4320 ones. 
8 
9 7 6 8 Subtract 
= tens. 
= : , We show these steps 
<— for explanation. You 
9 7 6 8 Subtract need write only this. 
—- 4320 hundreds. 
4 4 8 
9 7 6 8 Subtract aD 
—- 4320 thousands. — 4320 
M44 8 5 4 4 8 
We can use addition to check subtraction. 
Subtraction: Check by Addition: 
9 7 6 8 5 4 4 8 
- 43 2 0 ? + 4 3 2 0 
5 4 4 8 ——— 9 7 6 8 


Do Exercise 1. > 


Sometimes we need to rename or regroup in order to perform a subtrac- 
tion. This is also called borrowing. 


EXAMPLE 2 Subtract: 348 — 165. 


First, we subtract the ones. 


3 4 


8 


— 165 


3 


Subtract ones. 


We cannot subtract the tens because there is no whole number that when 
added to 6 gives 4. To complete the subtraction, we must borrow 1 hundred 
from 3 hundreds and regroup it with the 4 tens. Then we can do the subtrac- 
tion 14 tens — 6 tens = 8 tens. 


2 14 


24 


8 


— 165 


Borrow one hundred. That is, 1 hundred = 10 tens, and 
10 tens + 4 tens = 14 tens. Write 2 above the hundreds 
column and 14 above the tens. 


Subtract tens; subtract hundreds. 


bcs) 1. Subtract. Check by adding. 
so3 
Sao? 


7 9) 
-—4 9) 


alo 0 


3 
2 
il 
Check: 


ar Gb) oy 


Subtracting Whole Numbers 
To subtract whole numbers ona 
calculator, we use the [=] and [= 
keys. 


EXERCISES: Use a calculator to 
perform each subtraction. Check 
by adding. 


eo) S129 

. 81 — 34 

. 145 — 78 

- 612 — 493 
4976 

—2848 


12,406 
= 9,813 


Answer 
1. 3801 


Guided Solution: 
1. 3, 0; 3801, 7893 


SECTION 1.3 Subtraction 


15 


Subtract. Check by adding. 


2. 8686 3. 7145 
—-2358 —-2398 
Subtract. 
4, 70 
—-14 
Sy 5 0) 3 
= 99 t3 
ie) 
50 3 
= 2.9 8 
0 
Subtract. 
6. 7007 Te 6000 
—-6349 —3149 
8. 9035 9, 2001 
—7489 - 124 
Answers 


2. 6328 3. 4747 4.56 5. 205 
6. 658 7. 2851 8. 1546 9. 1877 


Guided Solution: 
4913 
5. 502 
—298 
205 
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= ae 
This is B48 
ies =165 
= te 
write. 


EXAMPLE 3 Subtract: 6246 — 1879. 


3 16 
62 4 © 
—- 1879 


Check: 


7 16 ones. 


67 to get 13 tens. 


5 VY 3 16 
6246 
-1879 
meet thousands. 
5 1 2 16 
. (a 
ee B24SG 4367 
nay ou ~1379 Check, 14879 
should ——_—_= EOE 
write. 4367 


< Do Exercises 2 and 3. 


EXAMPLE 4 Subtract: 902 — 477. 


-— 477 
425 


<«@ Do Exercises 4 and 5. 


EXAMPLE 5 Subtract: 8003 — 3667. 


LO OTS 


1 
183 
+165 
348 <— 


The answer 
checks because 
this is the top 
number in the 
subtraction. 


We cannot subtract 9 ones from 6 ones, but we can 
subtract 9 ones from 16 ones. We borrow 1 ten to get 


We cannot subtract 7 tens from 3 tens, but we can 
subtract 7 tens from 13 tens. We borrow 1 hundred 


We cannot subtract 8 hundreds from 1 hundred, but we 
can subtract 8 hundreds from 11 hundreds. We borrow 
1 thousand to get 11 hundreds. Finally, we subtract the 


6246<— 


The answer 
checks because 
this is the top 
number in the 
subtraction. 


3 We have 8 thousands, or 800 tens. 


—3667 
4336 


EXAMPLES 
6. Subtract: 6000 — 3762. 


4 9 9 10 


—3762 
2238 


<@ Do Exercises 6-9. 


We cannot subtract 7 ones from 2 ones. We have 
9 hundreds, or 90 tens. We borrow 1 ten to get 12 ones. 
We then have 89 tens. 


We borrow | ten to get 13 ones. We then have 799 tens. 


7. Subtract: 6024 — 2968. 


so 414 
60 2 4 
—2968 


3056 


FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Match each word or phrase from the following list with the indicated part of the subtraction sentence. 


difference minuend subtraction symbol subtrahend 
RCI. A 
RC3. 
oe 97 = 51 = 26 
RC4. D 


Concept Check Subtract. 
CCl. 10 - 8 CC2. 100 - 7 CC3. 100 — 93 


CC4. 1000 — 400 CCS. 1000 — 5 CC6. 1000 — 999 


a | Subtract. Check by adding. 


1. 65 2. 8 7 3. 8 66 4 526 
-—21 — 34 =3 33 = 323 
5. 86 — 47 6. 73 — 28 7. 51 — 37 8. 64 — 19 
9. 5 63 10.0=«795 11. 391 12 ©6316 
—-194 —398 -— 365 -—247 
13. 981 — 747 14. 887 — 698 15. 683 — 266 16. 342 — 217 
17,7769 18 6431 19% 4512 20. 8364 
—2387 — 2896 —1734 =.9 3°79 


SECTION 1.3 Subtraction : 17 


21. 5318 — 2249 22. 9241 — 5643 23. 3947 — 2858 24. 7583 — 3641 


25. 12,647 26. 16,222 27. 51,342 28. 32,194 
-— 4,899 -— 5,888 — 47,198 —29,236 

29. 8 0 30. 90 31. 690 32. 8 03 
—24 = 1:8 — 236 — 418 

33. 6808 34. 9405 35. 2300 36. 7500 
-—3059 = 2.5.8 - 109 —3604 

37. 90,237 — 47,209 38. 84,703 — 298 39. 101,734 — 5760 40. 15,017 — 7809 

41. 6007 42. 8 003 43. 39,000 44, 17,000 
— 1589 - 599 =3 7,69 5 —11,598 

45. 10,008 — 19 46. 40,006 — 147 47. 50,001 — 1984 48. 30,004 — 6749 


SKA Maite mame iii ccccceccccccceccccccececceccseeseesessseesesevssessevesvssvsesevssvssvstvssrsvssvstestsvssvetteseeveseeeee. 


Add. [1.2a] 

49. 567 + 778 50. 901 + 23 51. 12,885 + 9807 §2. 9909 + 1011 

53. Write a word name for 6,375,602. [1.1c] 54. Write expanded notation for 9103. [1.1b] 
INE cece kes nc acerca cece ar nce iu esha ccc hone ad geste eemeeneata pate 
55. Fill in the missing digits to make the subtraction true: 56. Subtract: 3,928,124 — 1,098,947. 


9, | }48,621 — 2,097,| |81 = 7,251,140. 
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Multiplication 


1.4 


a MULTIPLICATION OF WHOLE NUMBERS 
OBJECTIVES 


a Multiply whole numbers. 
(Bi Use multiplication in finding 


Add whole numbers. {1.2a| 
Add. 
106 347 *% ISS 
+ 556 +4619 


Answers: 1.903 2.6454 
VIDEO 


When you write a multiplication corresponding to a real-world situation, 
you should think of either a rectangular array or repeated addition. In some 
cases, it may help to think both ways. 


area. 


Repeated Addition 


The multiplication 3 X 5 corresponds to this repeated addition. 


We combine 3 sets 


of 5 $1 bills each. 
The resulting set is 


or jor lor lor lor | aset of 15 $1 bills. 
——— oo ig aoe ioe ice Ae No 
bag bag bag bag cag — 
nn 

5 SJ? a Bh, 
Lag ag bag bag cad : : 
NTT 

3 


ohab bah, Ba, > Bb, 


XM 


15 
3xX5=54+54+5=15 


3 addends; each is 5 


Rectangular Arrays 


Multiplications can also be thought of as rectangular arrays. Each of the 
following corresponds to the multiplication 3 x 5. 


3 rows with 5 bills in each row; 5 columns with 3 bills in each column; 
3x5=15 3x5=15 


SECTION 1.4 Multiplication 


19 


The numbers that we multiply are called factors. The result of the mul- 
tiplication is called a product. 
3 x 5S = 15 
v v V 


Factor Factor Product 


(Tard) 
. 


We have used an “X” to denote multiplication. A dot is also com- 
monly used. (Use of the dot is attributed to the German mathematician 
Gottfried Wilhelm von Leibniz over three centuries ago.) Parentheses are 
also used to denote multiplication. For example, 


3X 5 = 3-5 = (3)(5) = 3(5) = 15. 


EXAMPLE 1 Multiply: 5 x 734. 
We have 


734 
x 5 
2 0 <— Multiply the 4 ones by 5: 5 x 4 = 20. 
1 5 0 <— Multiply the 3 tens by 5: 5 x 30 = 150. 
3 5 0 0 <— Multiply the 7 hundreds by 5: 5 X 700 = 3500. 
3 6 7 0 <— Add. 


Instead of writing each product on a separate line, we can use a shorter form. 


2 
7 3 4 Multiply the 4 ones by 5: 5- (4 ones) = 20 ones 


; x 5 = 2 tens + O ones. Write 0 in the ones column 
Multiply. 9 and 2 above the tens. 
1 658 2. 37 
x 2 x 4 ; 3 4 Multiply the 3 tens by 5 and add 2 tens: 
5+(3tens) = 15 tens, 15 tens + 2 tens = 17 tens 
3. 8 23 x = 1hundred + 7 tens. Write 7 in the tens column 
x 6 7 O and 1 above the hundreds. 
1 2 
73 4 Multiply the 7 hundreds by 5 and add 1 hundred: 
4 1348 rcs x 5 5-(7 hundreds) = 35 hundreds, 35 hundreds 
x 5 3670 + 1 hundred = 36 hundreds. 
1 2 
1348 Les 
% 2 x 5 You should write only this. 
7 0 3 6 7 0 
@ Do Exercises 1-4. 

Multiplication of whole numbers is based on a property called the dis- 
tributive law. It says that to multiply a number by a sum, a-(b + c), we can 
multiply each addend by a and then add like this: (a-b) + (a-c). Thus, 
a*(b +c) = (a+b) + (a°c). For example, consider the following. 

4+(2+ 3) = 4-5 = 20 Adding first; 
then multiplying 
4+(2 + 3) = (4-2) + (4:3) = 8 + 12 = 20 Multiplying first; 
Answers then adding 
1.116 2. 148 3. 4938 4. 6740 
Cuided Selanin: The results are the same, so 4*(2 + 3) = (4°2) + (4-3). 
12 4 
4 1348 
x 5 
6740 
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Let’s find the product 51 x 32. Since 32 = 2 + 30, we can think of this 
product as 


51 X 32 = 51 x (2 + 30) = (51 X 2) + (51 X 30). 


Multiplying Whole Numbers 


That is, we multiply 51 by 2, then we multiply 51 by 30, and finally we add. To multiply whole numbers on a 
We can write our work in columns. nae we use the [x] and [= 
eys. 
51 
%32 EXERCISES: Use a calculator to 
find each product. 
102 Multiplying by 2 1. 56 x8 
1530 Multiplying by 30. (We write a 0 and then multiply 51 by 3.) 2, 845 X 26 
We add to obtain the product. 3. 5: 1276 
at 4, 126(314) 
x 32 5. 3760 
102 = as 
1530 2s 2218 


1632 Adding to obtain the product xX 453 


EXAMPLE 2 Multiply: 457 x 683. 


s. 2 
@ © 3 
x 45 7 
478 1 Multiplying 683 by 7 
4 1 
5 2 
() %} 3} 
x 4 5 7 
478 1 
3.4 1 5 O Multiplying 683 by 50 
3 1 
4 1 
5 2 
© 8 3 
x 4 5 7 
4 7 8 1 Multiply. 
3 4 1:5 0 — __ Multiplying 683 by 400. (We write ae Gee 3 
2.7.3 2 0 0 <' 00and then multiply 683 by 4.) x 23 
> 2 2yi 3..i Adding 
7. 746 8. 245 X 837 
Do Exercises 5-8. > x 62 
EXAMPLE 3 Multiply: 306 x 274. 
Note that 306 = 3 hundreds + 6 ones. ; 
Multiply. 
274 9. 472 10. 408 x 704 
x3 06 ,- Multiplying by 6 x 3.0 6 
1 6 4 4<_ Multiplying by 3 hundreds. (We write 00 
82200< and then multiply 274 by 3.) 11. 2344 12. 1006 
83,844 Adding x 6005 x 703 
Do Exercises 9-12. D 
Answers 


5. 1035 6. 3024 7. 46,252 8. 205,065 
9, 144,432 10. 287,232 11. 14,075,720 
12. 707,218 
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Multiply. 

13. 472 14. 2344 
x 830 x 7400 

15. 100 x 562 16. 1000 x 562 


17. a) Find 23-47. 


b) Find 47-23. 
c) Compare your answers to 
parts (a) and (b). 


Multiply. 
18. 5-2-4 


19. 4-2-6 


Answers 

13. 391,760 14. 17,345,600 

15. 56,200 16. 562,000 

17. (a) 1081; (b) 1081; (c) same 
18. 40 19. 48 
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EXAMPLE 4 Multiply: 360 x 274. 
Note that 360 = 3 hundreds + 6 tens. 


274 Multiplying by 6 tens. (We write 0 and 
x 360 then multiply 274 by 6.) 


Lot ae Multiplying by 3 hundreds. (We write 00 
8 2 2 0 0< and then multiply 274 by 3.) 


98,640 Adding 
< Do Exercises 13-16. 


When we multiply two numbers, we can change the order of the num- 
bers without changing their product. For example, 3-6 = 18 and 6°3 = 18. 
This illustrates the commutative law of multiplication: a-b = b-a. 


< Do Exercise 17. 
To multiply three or more numbers, we group them so that we multiply 


two at a time. Consider 2-3-4. We can group these numbers as 2+ (3-4) or 
as (2:3)-4. The parentheses tell what to do first: 


2+(3-4) = 2+(12) = 24. We multiply 3 and 4 and then multiply 
that product by 2. 


We can also multiply 2 and 3 and then multiply that product by 4: 
(2-3)-4 = (6):4 = 24. 
Either way we get 24. It does not matter how we group the numbers. This 


illustrates the associative law of multiplication: a-(b-c) = (a+b) +c. 
< Do Exercises 18 and 19. 


Two more properties of multiplication involve multiplying by 0 and by 1. 
The product of 0 and any whole number is 0:0-a = a-+0 = O. For example, 
0-3 = 3-0 = 0. Multiplying a number by 1 does not change the number: 
1-a = a-1 =a. For example, 1-3 = 3:1 = 3. We say that 1 is the multi- 
plicative identity. 


(5) FINDING AREA 
We can think of the area of a rectangular region as the number of square 


units needed to fill it. Here is a rectangle 4 cm (centimeters) long and 3 cm 
wide. It takes 12 square centimeters (sq cm) to fill it. 


This is a square 
dom centimeter 
(a square unit). 


lcm 


| 4cm | 


In this case, we have a rectangular array of 3 rows, each of which con- 
tains 4 squares. The number of square units is given by 3-4, or 12. That is, 
A =I1-w =3cm:4cm = 12sqem. 


EXAMPLE 5 _ Professional Pool Table. The playing area of a pool table 
used in professional tournaments is 50 in. by 100 in. (There are 6-in.-wide 
rails on the outside that are not included in the playing area.) Determine the 
playing area. 


100 in. 


If we think of filling the rectangle with square inches, we have a rectan- 
gular array. The length / = 100 in. and the width w = 50 in. Thus the area A 
is given by the formula 


A =1-w = 100in.-50in. = 5000 sq in. 
Do Exercise 20. > 


FOR 
1.4 is @) MyLab Math 


/ Check Your Understanding 


)cs) 20. Painting a Room. Ben and 


Elizabeth plan to paint one 
wall of a bedroom in a dark 
accent color. The wall is a 
rectangle 12 ft long and 8 ft 
high. Determine the area of 
the wall. 


A=I-w 
= 12 ft: 
= sq ft 
Answer 
20. 96 sq ft 
Guided Solution: 
20. 8 ft, 96 


Reading Check Complete each statement with the appropriate word or number from the following list. Not every 


choice will be used. 


0 addends product 
1 factors sum 


RCI. In the multiplication 4 x 3 = 12, 4 and 3 are 


RC2. In the multiplication 4 x 3 = 12, 12 is the 


RC3. The product of and any number a is 0. 


RC4. The product of and any number a is a. 
Concept Check Multiply. 

CC1. 20 x 40 CC2. 60 x 80 

CC4. 400 x 200 CCS. 70 x 900 


CC3. 300 x 20 
CC6. 500 x 800 


SECTION 1.4 Multiplication 


23 


5. 3-509 


9. 90(53) 


13. 8 7 
1 


17. 6 43 
x 72 


21. 564 
x 458 


25. 6428 
x 3224 


29. 876 
x 3.45 


24 CHAPTER 1 


10. 


14. 


18. 


22. 


26. 


30. 


Whole Numbers 


. 7°806 


60(78) 


2340 
x 1000 


TET 


8928 
eee ae” 


11. 


15. 


19. 


23. 


27. 


31. 


. 7(9229) 


(47)(85) 


444 
xX 33 


85 3 
x 936 


3482 
x 104 


7889 
x 6224 


16. 


20. 


24. 


28. 


32. 


. 4(7867) 


. (34)(87) 


549 


6408 
x 606 4 


6521 
x 3449 
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4506 
x 7800 


33. 5608 34. 
x 4500 


a Find the area of each region. 


37. 


728 mi 


728 mi 


39. Find the area of the region formed by the base lines on 
a Major League Baseball diamond. 


35. 5006 36. 6009 
x 4008 xX 2003 
38. 129 yd 


65 yd 


40. Find the area of a standard-sized hockey rink. 


Skill Maintenance oo... cccccceeeteeeeee. 


Add. [1.2a] 
4. 4908 4 9876 
5667 87 6 
+2110 7 6 
+ 6 


45. What does the digit 4 mean in 9,482,157? [1.la| 


47. Write expanded notation for 12,847. [1.1b] 


STURN SVS cin scctszeseisbAhvvenhsuastedssatente anncciedssaribiacnay 


Subtract. [1.3a] 
43. 9876 444 340,798 
-— 987 = 


86,679 


46. What digit in 38,026 names the number of 
hundreds? = [1.1a] 


48. Write a word name for 7,432,000. [1.1c] 


49. @) An 18-story office building is box-shaped. Each floor measures 172 ft by 84 ft with a 20-ft by 35-ft rectangular area 
lost to an elevator and a stairwell. How much area is available as office space? 
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Division 


1.5 


fl DIVISION OF WHOLE NUMBERS 
OBJECTIVE 


seinen cain ame ante Repeated Subtraction 
fa) Divide whole numbers. 


Division of whole numbers applies to two kinds of situations. The first is 
repeated subtraction. Suppose we have 20 doughnuts and we want to find 
out how many sets of 5 there are. One way to do this is to repeatedly subtract 
sets of 5 as follows. 


Subtract whole 
numbers. {1.3a| 
Subtract. 
i, 5 6 4 2, FPFORBS 
= 397 = 2944 


How many 
> sets of 5 
doughnuts each? 


Answers: 1.167 2.4091 


MyLab Math 
VIDEO 


20 doughnuts 


Since there are 4 sets of 5 doughnuts each, we have 


20 + 5 = 4 


Y Y Y 


Dividend Divisor Quotient 


The division 20 + 5 is read “20 divided by 5.” The dividend is 20, the divisor 
is 5, and the quotient is 4. We divide the dividend by the divisor to get the 
quotient. We can also express the division 20 + 5 = 4 as 


4 
- =4 or 5)20. 


Rectangular Arrays 


We can also think of division in terms of rectangular arrays. Consider again 
the 20 doughnuts and division by 5. We can arrange the doughnuts in a rect- 
angular array with 5 rows and ask, “How many are in each row?” 

We can also consider a rectangular array with 5 doughnuts in each column 
and ask, “How many columns are there?” The answer is still 4. 

In each case, we are asking, “What do we multiply 5 by in order to get 20?” 


Missing factor Quotient 


5+ = 20 20+5= 


This leads us to the following definition of division. 


26 — CHAPTER1 ~— Whole Numbers 


DIVISION 


The quotient a + b, where 5 is not 0, is that unique number c for 
which a = bec. 


This definition shows the relation between division and multiplication. 
We see, for instance, that 


20 + 5 = 4 because 20 = 5-4. 
This relation allows us to use multiplication to check division. 
EXAMPLE 1 Divide. Check by multiplying. 
36 = 
a) 16 +8 b) c) 7)56 
We do so as follows. 
a) 16+ 8=2 Check: 8+2 = 16. 
b) . =9 Check: 4+9 = 36. 
8 -7-Z= 
c) 156 Check: 7:8 = 56. 
Do Exercises 1-3. D 


Let’s consider some basic properties of division. 


DIVIDING BY 1 


Any number divided by 1 is that same number: a + 1 = ; = a. 
15 
For example, 6 + 1 = 6 and a 15. 


DIVIDING A NUMBER BY ITSELF 


Any nonzero number divided by itself is 1: a + a = =1, a#0. 


22 
For example, 7 + 7 = 1 and nm 1. 


DIVIDENDS OF 0 


0 
Zero divided by any nonzero number is 0: 0 + a = rn 0, a#0. 


0 
For example, 0 + 14 = 0 and = 0. 


XX 


Do Exercises 4-7. > 


Divide. Check by multiplying. 


1. 9)45 
2. 27 +3 


48 
3. 7 


Answers 


1529 38 4158 60 71 


SECTION 1.5 


Division 


27 


8. 


Divide if possible: 0 + 2. If not 
possible, write “not defined.” 


0+ 2means_ divided by 


Since zero divided by any non- 
zero number is 0,0 + 2 = 


. Divide if possible: 7 + 0. If not 


possible, write “not defined.” 
7+ Omeans _ divided by 


Since division by 0 is not 
defined, 7 + O is 


Answers 
8.0 9. Not defined 


Guided Solutions: 
8. 0,2,0 9. 7,0, not defined 
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cs 


EXCLUDING DIVISION BY 0 


Division by 0 is not defined: a + 0, or - is not defined. 


16 
For example, 16 + 0, or 0° is not defined. 


Why can’t we divide by 0? Suppose the number 4 could be divided by 0. 
Then if |_| were the answer, we would have 


4+0= 


> 


and since 0 times any number is 0, we would have 


4=[(]:0=0. False! 
Thus, the only possible number that could be divided by 0 would be 0 itself. 
But such a division would give us any number we wish. For instance, 
0+0=8 because 0 = 8:0; 
0+0=3 because 0 = 3:0; All true! 
0+0=7 because 0=7-0. 


We avoid the preceding difficulties by agreeing to exclude division by 0. 
<« Do Exercises 8-9. 


Division with a Remainder 


Suppose everyone in a group of 22 people wants to ride a roller coaster. If 
each car on the ride holds 6 people, the group will fill 3 cars and there will 
be 4 people left over. 


We can think of this situation as the following division. The people left 
over are the remainder. 
3 <— Quotient 
6)22 
18 
4 <— Remainder 


We express the result as 


22 a 


i 


6 = 3R4. 


e a. 


Dividend Divisor Quotient Remainder 


Note that 


Quotient - Divisor + Remainder = Dividend. 


Thus we have 
3°6= 18 
and 18+ 4=22. 


Quotient - Divisor 


Adding the remainder. The result is the dividend. 


We now show a procedure for dividing whole numbers. 


EXAMPLE 2 Divide 


and check: 4 ) 3 4 5 7. 


First, we try to divide the first digit of the dividend, 3, by the divisor, 4. Since 
3 + 4is not a whole number, we consider the first two digits of the dividend. 


8 
4)3457 
32 
2 


Since 4:8 = 32 and 32 is smaller than 34, we write an 
8 in the quotient above the 4. We also write 32 below 
34 and subtract. 


What if we had chosen a number other than 8 for the first digit of the 
quotient? Suppose we had used 7 instead of 8 and subtracted 4-7, or 28, from 
34. The result would have been 34 — 28, or 6. Because 6 is larger than the divi- 
sor, 4, we know that there is at least one more factor of 4 in 34, and thus 7 is 
too small. If we had used 9 instead of 8, then we would have tried to subtract 
4-9, or 36, from 34. That difference is not a whole number, so we know 9 is 
too large. When we subtract, the difference must be smaller than the divisor. 

Let’s continue dividing. 


8 6 
4)3457 
32 
Oe 
24 

1 


864 
4)3457 
32 

25 
24 
i ae 
16 


Now we bring down the 5 in the dividend and consider 

25 + 4. Since 4-6 = 24 and 24 is smaller than 25, 

we write 6 in the quotient above the 5. We also write 

24 below 25 and subtract. The difference, 1, is smaller 
than the divisor, so we know that 6 is the correct choice. 


We bring down the 7 and consider 17 + 4. Since 
4-4 = 16 and 16 is smaller than 17, we write 4 in the 
quotient above the 7. We also write 16 below 17 and 
subtract. 


1 <— The remainder is 1. 


Check: 864:4 = 3456 
The answer is 864 R 1. 


and 3456 + 1 = 3457. 


Do Exercises 10-12. D> 


Divide and check. 


10. 3)239 


11.5)5864 


12.6)3855 


Answers 


10. 79R2 11. 1172R4 12. 642R3 
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EXAMPLE 3 Divide: 8904 =~ 42. 


Because 42 is close to 40, we think of the divisor as 40 when we make our 
choices of digits in the quotient. 
2 


42)89 0 4< Think: 89 + 40. We try 2. Multiply 42-2 and 
84 J subtract. Then bring down the 0. 
5 0 


5 0 | < Think: 50 + 40. We try 1. Multiply 42-1 and 
42 subtract. Then bring down the 4. 


212 
42)8904 
8 4 
5 0 
42 
8 4< Think: 84 + 40. We try 2. Multiply 2 - 42 and subtract. 
oa 
Divide. 0 


a aa The remainder is 0, so the answer is 212. 


14.52)3288 Do Exercises 13 and 14. 


VEMNSgeeeabuateeeoungameevnes lperxaee Santee Caution! utsGAees Riau Sn RMAR GES kmegaeAgaaes 


Be careful to keep the digits lined up correctly when you divide. 


Dividing Whole Numbers To divide whole numbers on a calculator, we use 
the [+] and [=] keys. 

When we enter 453 + 15, the display reads 30.2]. Note that the 
result is not a whole number. This tells us that there is a remainder. The number 


an 


30.2 is expressed in decimal notation. The symbol “.” is called a decimal point. 
The number to the right of the decimal point is not the remainder, although it is 


possible to use that number to find the remainder. We will not do so here. 


EXERCISES: Use a calculator to perform each division. 
1. 19)532 

2. 7)861 

3. 9367 + 29 

4. 12,276 + 341 


Answers 
13. 134 14. 63 R12 
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Zeros in Quotients 


EXAMPLE 4 Divide: 6341 + 7. 


. 
7 )63 4 1< Think: 63 + 7 = 9. The first digit in the quotient is 
6 3 9. We do not write the 0 when we find 63 — 63. Bring 
4 down the 4. 
90 
7)6341 
63 


4 1<— Think: 4 + 7. If we subtract a group of 7’s, such as 
7, 14, 21, etc., from 4, we do not get a whole number, 
so the next digit in the quotient is 0. Bring down the 1. 


905 
M)6341 
63 
4 1< Think: 41 + 7. We try 5. Multiply 7-5 and subtract. 
35 
6 <— The remainder is 6. Divide. 
The answer is 905 R 6. ce as 
Do Exercises 15 and 16. 16.7)7616 
EXAMPLE 5 Divide: 8169 + 34. 
Because 34 is close to 30, we think of the divisor as 30 when we make our 
choices of digits in the quotient. 
2 
3 4 )i8 1 6 9 < Think: 81 ~+ 30. We try 2. Multiply 34-2 and subtract. 
6 8 | Then bring down the 6. 
136 
24 
34)8169 
68 
13 6 | < Think: 136 + 30. We try 4. Multiply 34-4 and 
136 subtract. The difference is 0, so we do not write it. 
- 9 Bring down the 9. 
240 
34)8169 
68 
136 
136 vig Think: 9 = 34. If we subtract a group of 34’s, such as 
9 34 or 68, from 9, we do not get a whole number, so 
0 the last digit in the quotient is 0. Divide. 
9 <— The remainder is 9. 17.27)9724 


The answer is 240 R 9. —EE 
; 18.56)44,847 
Do Exercises 17 and 18. D> 


Answers 


15. 807R4 16. 1088 17. 360R4 
18. 800 R 47 


SECTION1.5 Division 
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HELP 


/ Check Your Understanding 


Reading Check Match each word from the following list with the indicated part of the division. 


dividend divisor quotient remainder 

RCL. A 29 <@ 

@O-> 8235 <B) 
RC2. B ) 8 

16 
RC3. C VS 
12 

RC4. D © 
Concept Check Divide. 
CCl. 3)7 CC2. 4)15 CC3. 5)64 CC4. 2)97 


a Divide, if possible. If not possible, write “not defined.” 


23 37 
1. 72 +6 2. 54+ 9 3. = 4. — 
23 37 
56 0 0 
5, 22 +1 eo =  —— 
‘ 1 7 8. 5 
16 48 20 
9, — 10. 74 + 11. — 12. — 
0 et 0 8 4 
Divide. 
13. 277 +5 14. 699 + 3 15. 864 + 8 16. 869 + 8 
17.4)1228 18.3)2124 19.6)4521 20.9)9110 
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21. 


25. 


29. 


33. 


37. 


41. 


45. 


49. 


297 + 4 


5)8515 


127,000 + 10 


70)3692 


852 + 21 


Lidys219 


5) e047 


1058 + 46 


22. 


26. 


30. 


34. 


38. 


42. 


46. 


50. 


389 + 2 


3)6027 


127,000 + 100 


20)5798 


942 + 23 


1O2)S612 


9)7273 


7242 + 24 


23. 738 + 8 


27.9) 8888 


31. 127,000 + 1000 


35.30)875 


39.85)7672 


43.8)843 


47.5)5036 


51. 3425 + 32 


24. 


28. 


32. 


36. 


40. 


44. 


48. 


52. 


881 + 6 


8)4139 


4260 + 10 


40)987 


cn i eS 


7)7074 


48)4899 


SECTION 1.5 Division 


53.24)8880 54.36)7563 55.28)17,067 56.36) 28,929 


57. 8 0) 24,320 58.90) 88,560 59.285)999,999 
60.306)88 8,888 61.456) 3,679,920 62. 80 3.) 5,622,606 


SO WTUE UN CTU ANN seco ct cfacccnees se Gacsiculoa bees Besicedheic pedis ocdorsisede dle daub wedibeiecpacho dS ficbehidodSlol Ph aedebdevedbdedaies 


Subtract. [1.3a| Multiply. [1.4a] 
63. 4908 64. 88,777 65. 198 66. 268 
— 3667 = 22,5333 x 100 x 35 


Use the following figure for Exercises 67 and 68. 


11 ft 


9 ft 
67. Find the perimeter of the figure. [1.2b] 68. Find the area of the figure. [1.4b] 
SULA U1 eee oP ee eet Ocoee eee ee oe Se on eee eRe eer ee 
69. Complete the following table. 70. Find a pair of factors whose product is 36 and: 


a) whose sum is 13. 


| a | b | ab | a+b b) whose difference is 0. 
c) whose sum is 20. 
68 3672 d) whose difference is 9. 
84 117 
32 12 
71. A group of 1231 college students is going to use buses 72. (f) Fill in the missing digits to make the equation true: 
to take a field trip. Each bus can hold 42 students. 34,584,132 + 76[_] = 4[_],386. 


How many buses are needed? 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
ib lia@=b)= Gino Sarre @, (fils) 


2. We can think of the multiplication 4 x 3 as a rectangular array containing 4 rows with 
3 items in each row. [1.4a] 


3. We can think of the multiplication 4 x 3 as a rectangular array containing 3 columns with 
4items in each column. [1.4a| 


4. The product of two whole numbers is always greater than either of the factors. [1.4a] 


5. Zero divided by any nonzero number is 0. [1.5a] 


6. Any number divided by 1 is the number 1. [1.5a] 


Guided Solutions 


Fill in each blank to create a correct statement or solution. 
7. Write a word name for 95,406,237. [1.1c] 


95,406,237 
_—_ 4 


Ninety-five ; 


thousand, 


8. Subtract: 604 — 497. [1.3a] 


60 4 
=f 9 7 


Mixed Review 


In each of the following numbers, what does the digit 6 mean? _[1.1a] 
9. 2698 10. 61,204 11. 146,237 12. 586 


Consider the number 306,458,129. What digit names the number of: [1.1a] 


13. tens? 14. millions? 15. ten thousands? 16. hundreds? 
Write expanded notation. [1.1b] Write a word name. [1.1c] 
17. 5602 18. 69,345 19. 136 20. 64,325 


Write standard notation. [1.1c] 


21. Three hundred eight thousand, seven hundred 22. Four million, five hundred sixty-seven thousand, two 
sixteen hundred sixteen 


Mid-Chapter Review: Chapter1 © 35 


Add. [1.2a] 


23. 316 mh = 5 OB WB, 263 8 26. 4617 
ap 4! 2 ar 4) 3) 7) +5284 2436 
a a 3 il 
Subtract. [1.3a] 
i 28. 624 29. 3602 30. 5004 
= 32 il = 285 = 7/4 8 = @7 © 
Multiply. [1.4a] 
31. 36 i SOF 33. 407 34. 9435 
xX 6 xX 28 x S325 xX 602 
Divide. [1.5a] 
35.4.) Orie 36.38)4261 37.60)1399 38.56)8095 


39. Find the perimeter of the figure (m stands for 
“meters”). [1.2b] 


40. Find the area of the region. [1.4b] 


10m 
3m 
8m 


Understanding Through Discussion and Writing 


To the student and the instructor: The Discussion and Writing exercises are meant to be answered with one or more 
sentences. They can be discussed and answered collaboratively by the entire class or by small groups. 


41. Explain in your own words what the associative law of 42. Is subtraction commutative? That is, is there a 
addition means. [1.2a] commutative law of subtraction? Why or why 
not? [1.3a] 
43. Describe a situation that corresponds to each multipli- 44. Suppose a student asserts that “O + 0 = 0 because 


cation: 4- $150; $4-150. [1.4a] nothing divided by nothing is nothing.” Devise an 
explanation to persuade the student that the assertion 


is false. [1.5a] 
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STUDYING FORSUCCESS Using the Text 


[-) Study the step-by-step solutions to the examples, paying attention to the extra explanations 
shown in red. 


{_] Stop and do the margin exercises when directed to do so. Answers are at the bottom of 
the margin, so you can check your work right away. 


(_) The objective symbols, @, ®, @, and so on, allow you to refer to the appropriate place in 
the text whenever you need to review a topic. 


Rounding and Estimating; Order 1 6 
& 


OBJECTIVES 


a Round to the nearest ten, 
hundred, or thousand. 


b Estimate sums, differences, 
products, and quotients by 
rounding. 


(@) ROUNDING 


Give the meaning of digits in standard notation. {1.1a] 
In the number 145,627, what digit names the number of: 
1. Tens? 2. Thousands? 


MyLab Math 
VIDEO 


We round numbers in various situations when we do not need an exact 
answer. For example, we might round to see if we are being charged the cor- 
rect amount in a store. We might also round to check if an answer to a prob- 
lem is reasonable or to check a calculation done by hand or on a calculator. 

To understand how to round, we first look at some examples using the 
number line. The number line displays numbers at equally spaced intervals. 


Answers: 1.2 2.5 


fq Use < or > for Lito write a 
true sentence in a situation 
like 610. 


EXAMPLE 1 Round 47 to the nearest ten. 
47 is between 40 and 50. Since 47 is closer to 50, we round up to 50. 


i ol a 


EXAMPLE 2. Round 42 to the nearest ten. 
42 is between 40 and 50. Since 42 is closer to 40, we round down to 40. 


| \ \ | | | | \ \ \ | Round to the nearest ten. 


40 42 45 50 1. 37 
| 
EXAMPLE 3 Round 45 to the nearest ten. ee a 
45 is halfway between 40 and 50. We could round 45 down to 40 or up to 2 . 
50. We agree to round up to 50. 
2. 52 33°35 
fp pp 
40 45 50 4. 73 5. 75 
pa 6. 88 7. 64 
Do Exercises 1-7. DB 
Answers 
1.40 2.50 3.40 4.70 5. 80 
6. 90 7. 60 
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Based on these examples, we can state a rule for rounding whole 
numbers. 


ROUNDING WHOLE NUMBERS 


To round to a certain place: 


a) Locate the digit in that place. 
b) Consider the next digit to the right. 


c) If the digit to the right is 5 or higher, round up. If the digit to the 
right is 4 or lower, round down. 


d) Change all digits to the right of the rounding location to zeros. 


EXAMPLE 4 Round 6485 to the nearest ten. 
a) Locate the digit in the tens place, 8. 


6485 


I 


b) Consider the next digit to the right, 5. 


6485 
c) Since that digit, 5, is 5 or higher, round 8 tens up to 9 tens. 
Round to the nearest ten. d) Change all digits to the right of the tens digit to zeros. 
8. 137 9. 473 6 4 9 0 <— This is the answer. 
10. 235 11. 285 < Do Exercises 8-11. 


EXAMPLE 5 Round 6485 to the nearest hundred. 
a) Locate the digit in the hundreds place, 4. 


Round to the nearest hundred. 6485 
12. 641 13. 759 t 
14. 1871 15. 9325 b) Consider the next digit to the right, 8. 
6485 

es Caution! + c) Since that digit, 8, is 5 or higher, round 4 hundreds up to 5 hundreds. 

It is incorrect in Example 6 to d) Change all digits to the right of hundreds to zeros. 

round mom the ones digit over, rea ee ee 

as follows: 

6485 —> 6490 —> 6500 +7000. PPR eee 
Note that 6485 is closer to 6000 EXAMPLE 6 Round 64835 to the nearest thousand. 
than it is to 7000. a) Locate the digit in the thousands place, 6. 
6485 
Round to the nearest thousand. t 
16. 7896 17. 8459 b) Consider the next digit to the right, 4. 
18. 19,343 19. 68,500 6485 
c) Since that digit, 4, is 4 or lower, round down, meaning that 6 thousands 

Answers stays as 6 thousands. 
8. 140 9. 470 10. 240 11. 290 d) Change all digits to the right of thousands to zeros. 
12. 600 13. 800 14. 1900 15. 9300 
16. 8000 17. 8000 18. 19,000 19. 69,000 6 0 0 0 <— This is the answer. 


<@ Do Exercises 16-19. 
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Sometimes rounding involves changing more than one digit in a number. 


EXAMPLE 7 Round 78,595 to the nearest ten. 
a) Locate the digit in the tens place, 9. 


78,5 95 


b) Consider the next digit to the right, 5. 
78,5 95 


c) Since that digit, 5, is 5 or higher, round 9 tens to 10 tens. We think of 
10 tens as 1 hundred + 0 tens and increase the hundreds digit by 1, to get 
6 hundreds + 0 tens. We then write 6 in the hundreds place and 0 in the 
tens place. 


d) Change the digit to the right of the tens digit to zero. 
7 8,6 0 0 <— This is the answer. 


Note that if we round this number to the nearest hundred, we get the 
same answer. 


Do Exercises 20 and 21. > 


(6) ESTIMATING 


Estimating can be done in many ways. In general, an estimate rounded to the 
nearest ten is more accurate than one rounded to the nearest hundred, an 
estimate rounded to the nearest hundred is more accurate than one rounded 
to the nearest thousand, and so on. 
EXAMPLE 8 Estimate this sum by first rounding to the nearest ten: 

78 + 49 + 31 + 85. 


We round each number to the nearest ten. Then we add. 


78 8 0 
49 5 0 
3 1 3 0 
+ 85 +90 


2 5 0 <— Estimated answer 


Do Exercises 22 and 23. > 


EXAMPLE 9 Estimate the difference by first rounding to the nearest 
thousand: 9324 — 2849. 


We have 
9324 9000 
—-2849 —-3000 


6 0 O 0 <— Estimated answer 


Do Exercises 24 and 25. > 


SECTION 1.6 


20. 


21. 


22. 


23. 


24. 


25. 


Round 48,968 to the nearest 
ten, hundred, and thousand. 


Round 269,582 to the nearest 
ten, hundred, and thousand. 


Estimate the sum by first 
rounding to the nearest ten. 
Show your work. 


74 
23 
35 
+ 66 


Estimate the sum by first 
rounding to the nearest hun- 
dred. Show your work. 


650 
685 
238 
+168 


Estimate the difference by first 
rounding to the nearest hun- 
dred. Show your work. 


9285 
— 6739 


Estimate the difference by first 
rounding to the nearest thou- 
sand. Show your work. 


23,278 
—11,698 
Answers 
20. 48,970; 49,000; 49,000 


21. 
22. 
23. 
24. 
25. 


269,580; 269,600; 270,000 

70 + 20 + 40 + 70 = 200 

700 + 700 + 200 + 200 = 1800 
9300 — 6700 = 2600 

23,000 — 12,000 = 11,000 
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26. 


Estimate the product by 
rounding first to the nearest 
ten. Then estimate the product 
by rounding first to the nearest 
hundred. Show your work. 


837 
x DAS 


Nearest ten: 
840 
x 
42 000 
000 
5000 


Nearest hundred: 


800 
eT PS nn 
0,000 


27. Estimate the quotient by 
rounding first to the nearest 
hundred. Show your work. 


64,534 + 349 


Answers 


26. 840 x 250 = 210,000; 
800 200 = 160,000 


27. 64,500 + 300 = 215 


Guided Solution: 
26. Nearest ten: 250, 1, 6, 8, 2, 1, 0; 
Nearest hundred: 200, 1, 6 
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In the sentence 7 — 5 = 2, the equals sign indicates that 7 — 5 is the 
same as 2. When we round to make an estimate, the outcome is rarely the 
same as the exact result. Thus we cannot use an equals sign when we round. 
Instead, we use the symbol ~. This symbol means “is approximately equal 
to.” In Example 9, for instance, we could have written 


9324 — 2849 =~ 6000. 
EXAMPLE 10 Estimate the following product by first rounding to the 


nearest ten. Then estimate the product by first rounding to the nearest 
hundred: 683 X 457. 


Nearest ten: 


680 683 ~ 680 
x 46 0 457 ~ 460 
40800 
272000 
312,800 


Nearest hundred: 
700 


x 50 0 
2 2 000 0 


683 ~ 700 
457 ~ 500 


Exact: 


683 
x 457 
4781 
34150 
273200 
oA Bl) aL 
We see that rounding to the nearest ten gives a better estimate than rounding 
to the nearest hundred. 
< Do Exercise 26. 


EXAMPLE 11 Estimate the following quotient by first rounding to the 
nearest ten. Then estimate the quotient by first rounding to the nearest 
hundred: 12,238 + 175. 


Nearest ten: Nearest hundred: 
6 8 61 
180)12,240 200)12,200 
1080 1200 
1440 200 
1440 200 
0 0 


The exact answer is 69 R 163. Again we see that rounding to the nearest ten 
gives a better estimate than rounding to the nearest hundred. 


<@ Do Exercise 27. 


The next two examples show how estimating can be used in making 


financial decisions. 


EXAMPLE 12 Tuition. Ellen plans to take 12 credit hours of classes 
next semester. If she takes the courses on campus, the cost per credit hour 
is $248. Estimate, by rounding to the nearest ten, the total cost of tuition. 


We have 


250 
x 10 
2500. 


The tuition will cost about $2500. 


28. Tuition. If Ellen takes 
courses online, the cost per 
credit hour is $198. Estimate, 
by rounding to the nearest ten, 
the total cost of 12 credit hours 


Do Exercise 28. D> of classes. 


EXAMPLE 13 Purchasing a New Vehicle. Jenn is considering buying 
a Ford F-150 XL truck. She has a budget of $35,000. The base price of the 
truck is $27,110. A number of options are available at additional cost. Some 


of these are listed in the following table. 


Estimate, by rounding to the nearest hundred, the cost of the F-150 XL 
with the SuperCab, 5.0L V8 engine, 4-wheel drive, and off-road package. 


Then determine whether this will fit within Jenn’s budget. 


FORD F-150 XL PRICE 


Base price $27,110 
SuperCab $4,085 
8-foot bed $300 
2.7L EcoBoost engine $995 
5.0L V8 engine $1,795 


$4,645 
$2,255 

$770 
Trailer tow package $1,145 
Spray bedliner $495 


4-wheel drive 


Equipment upgrade package 


Off-road package 


DATA: Ford 


First, we list the base price of the truck and then the cost of each of the 


options. We then round each number to the nearest hundred and add. 


27,110 27,100 

4,085 4,100 

1,795 1,800 

4,645 4,600 

+ 770 + 800 
38,400 <— Estimated cost 


The estimated cost is $38,400. This exceeds Jenn’s budget of $35,000, so she 


will have to forgo at least one option. 


Do Exercises 29 and 30. > 


Refer to the table in Example 13 to 

do Margin Exercises 29 and 30. 

29. By eliminating one option, 
show how Jenn can buy an 
F-150 XL and stay within her 
budget. 


30. Logan is also considering buy- 
ing an F-150 XL. Estimate, by 
rounding to the nearest hun- 
dred, the cost of this truck with 
all the listed options except the 
2.7L EcoBoost engine. 


Answers 

28. $2000 29. She can eliminate either 
the 4-wheel drive or the SuperCab, 

(If she eliminates the 4-wheel drive, 

the off-road package is no longer an 
option.) 30. $42,600 
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Use < or > for [_] to write a true 
sentence. Draw the number line if 
necessary. 


Sil, & i 2 


Since 8 is to the it 2 
on the number line, 8 1, 


32. 12[-]8 


33. 76[]64 


34. 64[_]76 


35. 217[_]345 


36. 345 |_| 217 


Answers 


31.< 32.> 33.> 34.< 35. < 
36. > 


Guided Solution: 
31. left, < 
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(©) ORDER 


A sentence like 8 + 5 = 13 is called an equation. It is a true equation. The 
equation 4 + 8 = 11 isa false equation. 

A sentence like 7 < 11 is called an inequality. The sentence 7 < 11 isa 
true inequality. The sentence 23 > 69 is a false inequality. 

Some common inequality symbols follow. 


INEQUALITY SYMBOLS 


< means “is less than” 


> means “is greater than” 


~ means “is not equal to” 


r 


) 


We know that 2 is not the same as 5. We express this by the sentence 
2 #5. We also know that 2 is less than 5. We symbolize this by the expres- 
sion 2 < 5. We can see this order on the number line: 2 is to the left of 5. The 
number 0 is the smallest whole number. 


2 
-_ 


ORDER OF WHOLE NUMBERS 


For any whole numbers a and b: 


| { 

T I 
3 4 = 5 6 7 
2 


1. a < b (read “a is less than b”) is true when a is to the left of b on 
the number line. 


2. a > b (read “a is greater than b”) is true when a is to the right of 
b on the number line. 


EXAMPLE 14 Use < or > for [_]to write a true sentence: 7 [_]11. 


Since 7 is to the left of 11 on the number line, 7 < 11. 


EXAMPLE 15 Use < or > for[_]to write a true sentence: 92[ | 87. 


{ | { 
T T i 
86 87 88 89 90 91 92 93 


Since 92 is to the right of 87 on the number line, 92 > 87. 
< Do Exercises 31-36. 


FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Determine whether each statement is true or false. 


RC1. When rounding to the nearest hundred, if the digit in the tens place is 5 or higher, we round up. 
RC2. When rounding 3500 to the nearest thousand, we should round down. 


RC3. An estimate made by rounding to the nearest thousand is more accurate than an estimate made 
by rounding to the nearest ten. 


RC4. Since 78 rounded to the nearest ten is 80, we can write 78 ~ 80. 


Concept Check Use the graph of each of the following numbers to round the number to the nearest hundred. 


CC1. 147 CC2. 961 CC3. 650 
147 961 650 
— - -— {-e + 
100 150 200 900 950 1000 600 650 700 


a Round to the nearest ten. 


1. 48 2. 532 3. 463 4. 8945 
5. 731 6. 54 7. 895 8. 798 


Round to the nearest hundred. 
9. 146 10. 874 11. 957 12. 650 


13. 9079 14. 4645 15. 32,839 16. 198,402 


Round to the nearest thousand. 
17. 5876 18. 4500 19. 7500 20. 2001 


21. 45,340 22. 735,562 23. 373,405 24. 6,713,255 


b Estimate each sum or difference by first rounding to the nearest ten. Show your work. 


25. 78 26. 62 27. 8074 28. 673 
+92 97 —2347 - 28 
46 
+81 
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Estimate each sum by first rounding to the nearest ten. State if the given sum seems to be incorrect when compared to the 
estimate. 


29. 45 30. 41 31. 622 32. 836 
77 21 78 374 
25 55 81 794 
+56 + 60 +111 +938 
343 La 932 3947 


Estimate each sum or difference by first rounding to the nearest hundred. Show your work. 


33. 7348 34. 5 6 8 35. 6852 36. 9438 
+9247 472 — 1748 —2787 
938 
+402 


Estimate each sum by first rounding to the nearest hundred. State if the given sum seems to be incorrect when compared to 
the estimate. 


37. 216 38. 481 39. 750 40. 326 
8 4 702 428 275 

745 623 6 3 758 
+595 +1043 +205 +943 
1640 1849 1446 2302 


Estimate each sum or difference by first rounding to the nearest thousand. Show your work. 


41. 9643 42. 7648 43. 92,149 44, 84,890 
4821 9348 Hd, 20) oD — 11,110 
89 43 7842 
+7004 +2222 


Estimate each product by first rounding to the nearest ten. Show your work. 


45. 45 46. pe 47. 3 4 48. 6 3 
x 6 7 x 78 x 29 x 54 


Estimate each product by first rounding to the nearest hundred. Show your work. 


49. 876 50. 325 51. 432 52. 789 
x 3.45 x 299 x 199 x 434 
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Estimate each quotient by first rounding to the nearest ten. Show your work. 


53. 347 + 73 


54, 454 + 87 


55. 8452 + 46 


56. 1263 + 29 


Estimate each quotient by first rounding to the nearest hundred. Show your work. 


57. 


Planning a Vacation. 


1165 + 236 58. 3641 + 571 


59. 8358 + 295 


60. 32,854 + 748 


Planning a trip to a theme park resort involves making lodging, ticket, and dining decisions. The fol- 


lowing table lists the prices of several options for a three-day trip to a theme park resort. Use the data for Exercises 61-66. 


HOTEL OPTIONS PRICE 


61. 


63. 


65. 


Family Value 
Wilderness Lodge 


Beachfront 


Spa and Resort 


$498 
$921 
$1122 
$1722 


PARK TICKETS PRICE 


Theme Park 


Water Park 


Fast-Lane Upgrade 


MEAL PLANS 


_ Fast Food 
] ‘vice 


Extended Dining 


$289 
$62 


| PRICE 


Estimate the total price of a three-day trip with a 
beachfront hotel room, a theme park ticket, a fast-lane 
upgrade, and an extended dining meal plan. Round 
each price to the nearest hundred dollars. 


Marcus has a budget of $1500 for a three-day theme 
park vacation. He would like to stay in a wilderness 
lodge, visit both the theme park and the water park, 
and have an extended dining meal plan. Estimate the 
total price of this vacation by rounding each price 

to the nearest hundred dollars. Can he afford his 
choices? 


If you were going on a three-day theme park vacation 
and had a budget of $1500, what options would you 
choose? Decide on options that fit your budget and 
estimate the total price by rounding each price to the 
nearest hundred dollars. 


62. 


64. 


Estimate the total price of a three-day trip with a fam- 
ily value hotel room, a theme park ticket, and a fast 
food meal plan. Round each price to the nearest hun- 
dred dollars. 


Alyssa has a budget of $1500 for a three-day theme 
park vacation. She is planning to book a family value 
hotel room. She would like to visit both the theme 
park and the water park, purchase a fast-lane upgrade, 
and have an extended dining meal plan. Estimate the 
total price of this vacation by rounding each price to 
the nearest hundred dollars. Does her budget cover 
her choices? 


. If you were going on a three-day theme park vacation 


and had a budget of $2000, what options would you 
choose? Decide on options that fit your budget and 
estimate the total price by rounding each price to the 
nearest hundred dollars. 
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67. 


69. 


75. 


79. 


46 


Mortgage Payments. To pay for their new home, 
Tim and Meribeth will make 360 payments of $751.55. 
In addition, they must add an escrow amount of 
$112.67 to each payment for insurance and taxes. 


a) Estimate the total amount they will pay by round- 
ing the number of payments, the amount of each 
payment, and the escrow amount to the nearest 
ten. 

b) Estimate the total amount they will pay by round- 
ing the number of payments, the amount of each 
payment, and the escrow amount to the nearest 
hundred. 


Banquet Attendance. ‘Tickets to the annual awards 
banquet for the Riviera Swim Club cost $28 each. 
Ticket sales for the banquet totaled $2716. Estimate 
the number of people who attended the banquet by 
rounding the cost of a ticket to the nearest ten and the 
total sales to the nearest hundred. 


68. 


70. 


Conference Expenses. ‘The cost to attend a three-day 
teachers’ conference is $245, and a hotel room costs $169 
a night. One year, 489 teachers attended the conference, 
and 315 rooms were rented for two nights each. 


a) Estimate the total amount spent by the teachers by 
rounding the cost of attending the conference, the 
nightly cost of a hotel room, the number of teachers, 
and the number of rooms to the nearest ten. 

b) Estimate the total amount spent by the teachers by 
rounding the cost of attending the conference, the 
nightly cost of a hotel room, the number of teachers, 
and the number of rooms to the nearest hundred. 


School Fundraiser. For a school fundraiser, Charlotte 


sells trash bags at a price of $11 per roll. If her sales 
totaled $2211, estimate the number of rolls she sold by 
rounding the price per roll to the nearest ten and the 
total sales to the nearest hundred. 


0[_J17 72. 32[]0 
1000 [ ] 1001 76. 77[_]117 
460[ 17 80. 345[ ]456 
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77. 


81. 


to write a true sentence. Draw the number line if necessary. 


34[_]12 74, 28[_]18 
133 [_]132 78. 999 | ]997 
37[_]11 82. 12[ ]32 
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Postsecondary Education. The number of degrees awarded by postsecondary institutions in the United States in 2014-2015 
is shown in the table below. Use this table to do Exercises 83 and 84. 


NUMBER OF 
TYPE OF DEGREE DEGREES 


Associate’s | — 1,014,023 
Bachelor’s 1,894,934 
Master’s 758,708 
Doctorate 178,547 


DATA: National Center for Education Statistics 


83. Write an inequality to compare the num- 84. Write an inequality to compare the num- 
bers of associate’s degrees and bachelor’s bers of associate’s degrees and master’s 
degrees. degrees. 

85. Animal Species. The number of species for catego- 86. City Population. The populations of several cit- 
ries of vertebrate animals is shown in the following ies in the United States are shown in the following 
figure. Write an inequality to compare the number table. Write an inequality to compare the popula- 
of species of birds and the number of species of tions of Indianapolis, Indiana, and Jacksonville, 
reptiles. Florida. 


Vertebrate Animal Species 


Mammals 
Birds Indianapolis, Indiana |, 


> iw 
Reptiles Jacksonville, ratatiteen 


Amphibians 


DATA: ballotpedia.com 


Fishes 


10,000 20,000 30,000 40,000 
Number of species 


DATA: currentresults.com 


Skill Maintenance 


Add. [1.2a] Subtract. [1.3a] 
87. 67,789 8. 9002 89. 67,789 9. 9002 
+ 18,965 +4587 — 18,965 — 4587 
Multiply. [1.4a] Divide. [1.5a| 
91. 46 92. 306 93. 328 + 6 94. 4784 + 23 
x 37 x 58 
POPE NN SIN aps cece tester flap plata eens sgpcdeadouecnpeonanastindin gen aangoes antares pa teeetociaaete 


95.-98. Use a calculator to find the sums and the differences in each of Exercises 41-44. Then compare your answers with 
those found using estimation. Even when using a calculator it is possible to make an error if you press the wrong buttons, 
so it is a good idea to check by estimating. 
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1.7 


OBJECTIVES 


fa] Solve simple equations by trial. 
Db Solve equations like 


t +28 =54, 28-x = 168, 
and 98-2 = y. 


Find a number that makes each 
sentence true. 


1 8=1+ 


2. +2=7 


3. Determine whether 7 is a 
solution of +5=9, 


4. Determine whether 4 is a 
solution of +5=9, 


Solve by trial. 


5.n+3=8 
6 x-2=8 
7,457 9=y 
8 10+ t= 32 
Answers 


1.6.7 2.5 3. No 4 Yes 5.5 
6.10 7.5 8 22 
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Solving Equations 


(@) SOLUTIONS BY TRIAL 


Let’s find a number that we can put in the blank to make this sentence true: 


9=3+ 


We are asking “9 is 3 plus what number?” The answer is 6. 
9=3+6 
< Do Exercises 1 and 2. 


A sentence with = is called an equation. A solution of an equation is a 
number that makes the sentence true. Thus, 6 is a solution of 


9=3+ [] because 9 = 3 + 6istrue. 


However, 7 is not a solution of 


9=3+ because 9 = 3 + 7 is false. 


< Do Exercises 3 and 4. 


We can use a letter in an equation instead of a blank: 
9=34+n. 


We call a variable because it can represent any number. If a replacement for a 
variable makes an equation true, the replacement is a solution of the equation. 


SOLUTIONS OF AN EQUATION 


A solution of an equation is a replacement for the variable that makes 
the equation true. When we find all the solutions, we say that we have 
solved the equation. 


EXAMPLE 1 Solve y + 12 = 27 by trial. 


We replace y with several numbers. 


If we replace y with 13, we get a false equation: 13 + 12 = 27. 
If we replace y with 14, we get a false equation: 14 + 12 = 27. 
If we replace y with 15, we get a true equation: 15 + 12 = 27. 


No other replacement makes the equation true, so the solution is 15. OQ 


EXAMPLES Solve. 


2. 7+n = 22 3. 63 = 3+x 
(7 plus what number is 22?) (63 is 3 times what number?) 
The solution is 15. The solution is 21. 


<@ Do Exercises 5-8. 


() SOLVING EQUATIONS 


Divide whole numbers. {1.5a] 
Divide. 
1. 1008 + 36 2, ONS = 15 


MyLab Math 
VIDEO 


We now begin to develop more efficient ways to solve certain equations. 
When an equation has a variable alone on one side and a calculation on the 
other side, we can find the solution by carrying out the calculation. 


Answers: 1.28 2.45 


EXAMPLE 4 Solve: x = 245 X 34. 


To solve the equation, we carry out the calculation. 


245 x = 245 Xx 34 
y 24 x = 8330 Solve: 

980 9. 346 X 65 = y 
7350 10. x = 2347 + 6675 
8330 

The solution is 8330. ee ae 


Do Exercises 9-12. D> 12. x = 6007 — 2346 


Look at the equation 
x + 12 = 27. 
We can get x alone by subtracting 12 on both sides. Thus, 
x+12-12=27- 12 Subtracting 12 on both sides 


x+0=15 Carrying out the subtraction 
x = 15. We can “see” that the solution is 15: 
15 +12 = 27. 


SOLVING x + a = Db 


To solve x + a = b, subtract a on both sides. 


If we can get an equation in a form with the variable alone on one side, 
we can “see” the solution. 


EXAMPLE 5 Solve: ¢ + 28 = 54. 


We have 
t+ 28 = 54 
t + 28 — 28 = 54 — 28 Subtracting 28 on both sides 
t+ 0 = 26 


t= 20. 


Answers 
9. 22,490 10. 9022 11.570 12. 3661 
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Solve. Be sure to check. To check the answer, we substitute 26 for fin the original equation. 


B.xt+9=17 a Check: ¢+ 28 = 54 
x+9-— =17-9 26 + 28 ? 54 
y= 54 TRUE Since 54 = 54 is true, 26 checks. 
Check: x+9= 17 The solution is 26. 
ae 
ae ©) 2 17 «@ Do Exercises 13 and 14. 


: = +n. 
Since 17 = 174s EXAMPLE 6 Solve: 182 = 65 +n 


the answer checks. We have 
The solution is : 182 =65 +n 
182 — 65 = 65+ n—- 65 Subtracting 65 on both sides 
14. 77=m+ 32 117 =O+n 65 plus n minus 65 is 0 + n. 
117 =n. 


Check: 182 =65+n 


eS 
182 ? 65 + 117 
| 182 TRUE 


15. Solve: 155 = t + 78. Be sure The solution is 117. 
to check. <@ Do Exercise 15. 


EXAMPLE 7 Solve: 7381 + x = 8067. 
We have 
7381 + x = 8067 
7381 + x — 7381 = 8067 — 7381 Subtracting 7381 on both sides 
x = 686. 


Check: 7381 + x = 8067 


7381 + 686 ? 8067 
Solve. Be sure to check. 8067 TRUE 


16. 4566 + x = 7877 


The solution is 686. 
17. 8172 = h + 2058 <@ Do Exercises 16 and 17. 


We now learn to solve equations like 8-n = 96. We can get n alone by 
dividing by 8 on both sides: 


8-n = 96 
8:n 96 ee : 
-% = Dividing by 8 on both sides 


n= 12. 8 times n divided by 8 is n. 


To check the answer, we substitute 12 for n in the original equation. 


Check: 8-n = 96 
onesies 
8-12 ? 96 

96 | TRUE 


Answers 

B.8 14.45 15.77 Since 96 = 96 is a true equation, 12 is the solution of the equation. 
16. 3311 17. 6114 

Guided Solution: 


13. 9, 8, 8, 17; true; 8 
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SOLVING a-x = b 


To solve a: x = b, divide by a on both sides. 


EXAMPLE 8 Solve: 10°x = 240. 


We have 
10-x = 240 
wa 2 Pia on eeni 
10 +10 
x = 24. 


Check: 10°x = 240 
parietal: 
10°24 ? 240 


240 | TRUE Solve. Be sure to check. 
The solution is 24. e 18. 8-x = 64 
EXAMPLE 9 Solve: 5202 = 9-t. cs) 19) 144 = 007, 
We have 144 9-n 
5202 = 9°t 9 
5202. 9°t eh ; =n 
— = > Dividing by 9 on both sides @icck on, 
wah anes 
578 = t. 144? 9- 


Check: 5202 = 9-t : , 
Since 144 = 144 is F 


Saceee 
5202 ? 9-578 the answer checks. 
5202 TRUE The solution is 


The solution is 578. 


Do Exercises 18-20. > 20. 5152 = 8-t 
EXAMPLE 10 Solve: 14-y = 1092. 
We have 
14-y = 1092 
a A IEE Dividing by 14 on both sid 
4 4 ividing by 14 on both sides 
y= 2. 
The check is left to the student. The solution is 78. Oo 
EXAMPLE 11 Solve: 1-56 = 4648. 
We have 
n:56 = 4648 Solve. Be sure to check. 
n:56 4648 21. 18-y = 1728 
56 = 56. Dividing by 56 on both sides 
22. n-48 = 4512 
n = 83. 
The check is left to the student. The solution is 83. Answers 
Do Exercises 21 and 22. D 18.8 19.16 20. 644 21.96 22. 94 
Guided Solution: 


19. 9, 16, 16, 144; true; 16 
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FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 
Reading Check Match each word with its definition from the list on the right. 
RC1. Equation __ 


a) A replacement for the variable that makes an equation true 
RC2. Solution b) A letter that can represent any number 
c) Asentence containing = 

Eee SORed d) Found all the solutions for 


RC4. Variable ___ 


Concept Check For each equation, determine whether the given number is a solution of the equation. 
CCl, x + 27 = 65; 92 CC2. 672 = 6-n; 112 
CC3. 6516 + 543 = n;12 CC4. 5462 = 3189 + £2327 


a Solve by trial. 


Lx+0= 14 2x—-7= 18 3. y:17=0 4.56+m=7 

b Solve. Be sure to check. 

5. x = 12,345 + 78,555 6. t = 5678 + 9034 7. 908 — 458 = p 8. 9007 — 5667 = m 
9. 16:22 =y 10. 34-15 = z VW. t= 125-5 12. w = 256 + 16 
13. 13 +x = 42 14. 15+ ¢ = 22 15. 12=12+m 16. 16=1+ 16 
17. 10 + x = 89 18. 20 + x = 57 19. 61 = 16+ y 20. 53 = 17 +w 
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21. 3-x = 24 22. 6°x = 42 23. 112 =n°-8 24. 162 = 9-m 


25. 3-m = 96 26. 4-y = 96 27. 715 =5+z 28. 741 = 3:t 

29, 8322 + 9281 = x 30. 9281 — 8322 = y 31. 47 +n = 84 32. 56 + p = 92 

33. 45-23 =x 34, 23-78 = y 35. x + 78 = 144 36. z + 67 = 133 
37. 6+p = 1944 38. 4-w = 3404 39. 567 + x = 902 40. 438 + x = 807 
41. 234-78 = y 42. 10,534 + 458 = q 43. 18-x = 1872 44. 19-x = 6080 
45. 40-x = 1800 46. 20-x = 1500 47, 2344 + y = 6400 48. 9281 = 8322 + t 
49. m = 7006 — 4159 50. n = 3004 — 1745 51. 165 = 11-n 52. 660 = 12-n 

53. 58-m = 11,890 54, 233+x = 22,135 55. 491 —- 34=y 56. 512 — 63 =z 


SKALL Maimtemame oii ccccccccccccecccccceccscesesecvecseecsecsecsevscavsevsevstvassevssvssvatssvsevesvatestisessvssvstestsevssveseeeees 
Divide. [1.5a] 


57. 1283 + 9 58. 1278 + 9 59.17)5678 60.17)5689 

Use > or < for|_|to write a true sentence. [1.6c] 

61. 123[-]789 62. 342[[]339 63. 688[_]0 64. OL] 11 

65. Round 6,375,602 to the nearest thousand. [1.6a| 66. Round 6,375,602 to the nearest ten. [1.6a| 
SVTEMCSIS: 5. cocccscuidcssccctseninscsvtus covsschcunodecavavatiesthncansaneodgaserenstasnenssaicacetsies casedensassssbnrsevoeas Fokecssdednavtianbevddeesinesedtenn 
Solve. 

67. &) 23,465-x = 8,142,355 68. #) 48,916-x = 14,332,388 
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1 9 Applications and Problem Solving 
@ 


OBJECTIVE 


a Solve applied problems 
involving addition, subtraction, 

multiplication, or division of 

whole numbers. 


a A PROBLEM-SOLVING STRATEGY 


Estimate sums, differences, products, and quotients by rounding. {1.6b] 


Estimate each sum or difference by first rounding to the nearest 
thousand. Show your work. 


Ip 3079 82 2 OY) Bis 7 
+ 43,495 = 3502 


Answers: 1. 368,000 + 43,000 = 411,000 
VIDEO 


2. 9000 — 4000 = 5000 
One of the most important ways in which we use mathematics is as a tool in 
solving problems. To solve a problem, we use the following five-step strategy. 


FIVE STEPS FOR PROBLEM SOLVING 


1. Familiarize yourself with the problem situation. 

2. Translate the problem to an equation using a variable. 
3. Solve the equation. 
4 


. Check to see whether your possible solution actually fits the 
problem situation and is thus really a solution of the problem. 


5. State the answer clearly using a complete sentence and appropri- 
ate units. 


The first of these five steps, becoming familiar with the problem, is prob- 
ably the most important. 


THE FAMILIARIZE STEP 


e Ifthe problem is presented in words, read and reread it carefully 
until you understand what you are being asked to find. 


e Make a drawing, if it makes sense to do so. 


e Write a list of the known facts and a list of what you wish to find 
out. 


e Assign a letter, or variable, to the unknown. 
e Organize the information in a chart or a table. 


e Find further information. Look up a formula, consult a reference 
book or an expert in the field, or do research on the Internet. 


¢ Guess or estimate the answer and check your guess or estimate. 
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EXAMPLE 1 Video Games. The following table shows the number of 
games released for eight popular video game platforms sold worldwide, as of 
July 2017. Three of these platforms are made by PlayStation®. Find the total 
number of games released for the PlayStation platforms. 


Nintendo DS 4009 
Xbox 360 3676 
PlayStation 2 3549 
PlayStation 3 3315 
Nintendo Wii 2808 
PlayStation 2680 
Nintendo Game Boy 1608 


DATA: vgchartz.com 


1. Familiarize. First, we assign a letter, or variable, to the number we 
wish to find. We let p = the total number of video games released for 
the PlayStation platforms. Since we are combining numbers, we will add. 


2. Translate. We translate to an equation: 


Number Number Number of Total number 
of games of games games released of games 
released for released for for original released for 


PlayStation 2 plus PlayStation3 plus PlayStation is PlayStation 


3549 + 3315 + 2680 = D. 
3. Solve. We solve the equation by carrying out the addition. 
3549 + 3315 + 2680 = p 3549 
9544 = p 3315 
+2680 
9544 


4. Check. We check our result by rereading the original problem and 
seeing if 9544 answers the question. Since we are looking for a total, we 
could repeat the addition calculation. We could also check whether the 
answer is reasonable. In this case, since the total is greater than any of 
the three separate game numbers, the result seems reasonable. Another 
way to check is to estimate the expected result and compare the esti- 
mate with the calculated result. If we round each number of PlayStation 
games to the nearest thousand and add, we have 


Refer to the table in Example 1 to 
do Margin Exercises 1-3. 


1. Find the total number of games 
released for the Nintendo 
platforms listed. 


2. Find the total number of games 


4000 + 3000 + 3000 = 10,000. released for the four game plat- 
forms listed in the table with 
Since 9544 ~ 10,000, our result again seems reasonable. the most games released. 
5. State. The total number of games released for the three PlayStation : 
platforms listed is 9544. 3. Find the total number of 
games released for all the game 
Do Exercises 1-3. > platforms listed in the table. 
Answers 


1. 8425 games 2. 14,549 games 
3. 21,645 games 
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EXAMPLE 2 Travel Distance. Abigail is driving from Indianapolis to 
Salt Lake City to attend a family reunion. The distance from Indianapolis to 
Salt Lake City is 1634 mi. In the first two days, she travels 1154 mi to Denver. 
How much farther must she travel? 


1. Familiarize. We first make a drawing or at least visualize the situation. 
We let d = the remaining distance to Salt Lake City. 


4. Reading Assignment. William 
has been assigned 234 pages of 
reading for his history class. He 


has read 86 pages. How many 2. Translate. We want to determine how many more miles Abigail must 
me pages docs he have to travel. We translate to an equation: 
read? 
sre Distance Total 
a dames eed ue already Distance distance 
number of pages am : : 
Se cin Cee traveled plus togo  is_ of trip 
2. Translate. ) | 
Pages Number Total 1154 + d = 1634. 
already of pages number 3. Solve. To solve the equation, we subtract 1154 on both sides. 


read plus toread is of pages 


ee eel 1154 + d = 1634 1634 
86+ e 


1154 + d — 1154 = 1634 — 1154 —-1154 
3. Solve. d = 480 480 
86 + p = 234 4. Check. We check our answer of 480 mi in the original problem. This 
0 4b jp = = yl — We number should be less than the total distance, 1634 mi, and it is. We 
can add the distance traveled, 1154, and the distance left to go, 480: 
Q= 1154 + 480 = 1634. We can also estimate: 
4. Check. If William reads 1634 — 1154 ~ 1600 — 1200 
148 more pages, he will have 
read a total of 86 + 148 = 400 ~ 480. 
PEEIES, Or PERE The answer, 480 mi, checks. 
Se Es Mere acts 5. State. Abigail must travel 480 mi farther to Salt Lake City. 


more pages to read. 
< Do Exercise 4. 


Answer 
4. 148 pages 


Guided Solution: 
4. p, 234; 86, 148; 234; 148 
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EXAMPLE 3 Total Cost of Chairs. What is the total cost of 6 Adiron- 
dack chairs if each one costs $169? 


1. Familiarize. We make a drawing and let C = the cost of 6 chairs. 


$169 $169 $169 $169 $169 $169 


eed 


2. Translate. We translate to an equation: 


Number Cost of Total 
of chairs times eachchair is cost 


oo wee 


3. Solve. This sentence tells us what to do. We multiply. 


6 xX 169 =C 169 
1014 =C x 6 
1014 


4. Check. We have an answer, 1014, that is greater than the cost of any 
one chair, which is reasonable. We can also check by estimating: 


ON tee en ae Ie 5. Total Cost of Gas Grills. 
The answer checks. What is the total cost of 14 gas 
grills, each with 520 sq in. of 
total cooking surface, if each 
Do Exercise 5. D one costs $398? 


5. State. The total cost of 6 chairs is $1014. 


EXAMPLE 4 Area of an Oriental Rug. The dimensions of the rectangu- 
lar oriental rug in the Fosters’ front hallway are 42 in. by 66 in. What is the 
area of the rug? 

1. Familiarize. We let A = the area of the rug and use the formula for 


the area of arectangle, A = length: width = /- w. Since we usually con- 
sider length to be larger than width, we will let / = 66 in. and w = 42 in. 


a. 
| 


I< 66 in. 


2. Translate. We substitute in the formula: 


A =I-w = 66:42. 


Answer 
5. $5572 
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6. Bed Sheets. 


of a flat sheet for a queen-size 5. State. 
bed are 90 in. by 102 in. What 


3. Solve. We carry out the multiplication. 


A = 66-42 6 6 
A = 2772 x 42 
132 
2640 
a a aes 


4. Check. We can repeat the calculation. We can also round and 
estimate: 


66 X 42 ~ 70 X 40 = 2800 ~ 2772. 


The dimensions The answer checks. 


The area of the rug is 2772 sq in. 


is the area of the sheet? «@ Do Exercise 6. 


Answer 
6. 9180 sq in. 
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EXAMPLE 5 Packages of Gum. A candy company produces 3304 sticks 
of gum. How many 12-stick packages can be filled? How many sticks will be 
left over? 


1. Familiarize. We make a drawing to visualize the situation and let 
n = the number of 12-stick packages that can be filled. The problem can 
be considered as repeated subtraction, taking successive sets of 12 sticks 
and putting them into 1 packages. 


12-stick packages 


How many packages? How many sticks are left over? 


2. Translate. We translate to an equation: 


Number Number Number 
of divided in each of 
sticks by package is packages 
| 
3304 + 12 = n. 


3. Solve. We solve the equation by carrying out the division. 


3304 + 12 =n s7%5 
25R4=n 12)3304 


Whole Numbers 


4. Check. Wecan check by multiplying the number of packages by 12 and 
adding the remainder, 4: 


12-275 = 3300, 7. Packages of Gum. The candy 
= company in Example 5 also 
ea eS = 08: produces 6-stick packages. How 
5. State. Thus, 275 twelve-stick packages of gum can be filled. There will many 6-stick packages can be 
be 4 sticks left over. filled with 2269 sticks of gum? 
How many sticks will be left 
Do Exercise 7. > over? 


EXAMPLE 6 Automobile Mileage. A 2017 Honda Accord Sport gets 
26 miles per gallon (mpg) in city driving. How many gallons will it use in 
4758 mi of city driving? 

Data: Honda 


1. Familiarize. We make a drawing and let g = the number of gallons of 
gasoline used in 4758 mi of city driving. 


> EEE eee EE SS 
<— 26 mi wy 26 mi NP 26 mi —> eee I<— 26 mi —>| 
< 4758 mi to drive >| 


2. Translate. Repeated addition or multiplication applies here. 


Number of Number of Number of 
miles per gallon times gallons used is miles driven 


26 g ‘ 4758 


3. Solve. To solve the equation, we divide by 26 on both sides. 


28 Baas 
26g 4758 ae 
26 26 a1 5 
= 18 
i 208 
78 
78 
0 
4. Check. To check, we multiply 183 by 26. 
183 
xX 26 
1098 8. Automobile Mileage. A 
2017 Honda Accord Sport gets 
3660 34 miles per gallon (mpg) in 
4758 highway driving. How many 
The answer checks. gallons will it use in 2686 mi of 
; . highway driving? 
5. State. The 2017 Honda Accord Sport will use 183 gal of gasoline. ihe 
ata: Honda 
Do Exercise 8. > 
Answers 


7. 378 packages with 1 stick left 
over 8. 79 gal 
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CHAPTER 1 


Whole Numbers 


Multistep Problems 


Sometimes we must use more than one operation to solve a problem, as in 
the following example. 


EXAMPLE 7 Weight Loss. To lose one pound, you must burn about 
3500 calories in excess of what you already burn doing your regular daily 
activities. The following chart shows how long a person must engage in sev- 
eral types of exercise in order to burn 100 calories. For how long would a 
person have to run at a brisk pace in order to lose one pound? 


1. Familiarize. This is a multistep problem. We will first find how many 
hundreds are in 3500. This will tell us how many times a person must run 
for 8 min in order to lose one pound. Then we will find the total number 
of minutes required for the weight loss. 

We let x = the number of hundreds in 3500 and ¢ = the time it 
takes to lose one pound. 


2. Translate. We translate to two equations. 
How 


calories times hundreds is 3500 


7 


100 : x = 3500 


Number of Time to lose 
hundreds times 8 minutes one pound 


|| <— a 


3. Solve. We divide by 100 on both sides of the first equation to find x. 
100+ x = 3500 35 
100-x _ 3500 100)3500 
100 100 300 
x = 35 500 
500 
0 


Then we use the fact that x = 35 to find ¢. 


x-8=t 35 


35-8 =t x 
280 = ¢ 


280 


4. Check. Suppose you run for 280 min. For every 8 min of running, you 
burn 100 calories. Since 280 + 8 = 35, there are 35 groups of 8 min in 


280 min, so you will burn 35 x 100 = 3500 calories. 


5. State. 
to lose one pound. 


You must run for 280 min, or 4 hr 40 min, at a brisk pace in order 


Do Exercise 9. > 


The key words, phrases, and concepts in the following table are useful 
when translating problems to equations. 


Key Words, Phrases, and Concepts 


subtract 
ee to subtracted from 
sum difference 
total minus 
plus less than 
more than decreased by 
increased by take away 

how much more 


ADDITION any ae MULTIPLICATION rae 
(+) BS a 


multiply 
multiplied by 
product 
times 
of 
repeated 

addition 
rectangular arrays 


divide 
divided by 
quotient 
repeated 
subtraction 
missing factor 
finding equal 
quantities 


The following tips are also helpful in problem solving. 


PROBLEM-SOLVING TIPS 


1. Look for patterns when solving problems. 


2. When translating in mathematics, consider the dimensions of the 
variables and constants in the equation. The variables that rep- 
resent length should all be in the same unit, those that represent 
money should all be in dollars or all in cents, and so on. 


3. Make sure that units appear in the answer whenever appropriate 
and that you completely answer the original problem. 
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pcs) 9. Weight Loss. Use the 
information in Example 7 
to determine how long an 
individual must swim at a brisk 
pace in order to lose one pound. 


1. Familiarize. Let x = the 
number of hundreds in 3500. 
Let t = the time it takes to 
lose one pound. 


2. Translate. 


100-x = 
Xe = i 
3. Solve. From Example 7, we 
know that x = 
x-2=t 
“2=t 


= i 
4. Check. Since 70 + 2 = 
35, there are groups of 
2 min in 70 min. Thus, you 
will burn 35 X 100 = 
calories. 
5. State. You must swim for 
min, or 1 hr min, 
in order to lose one pound. 


Answer 
9. 70 min, or 1 hr 10 min 


Guided Solution: 
9. 3500, 2; 35, 35, 70; 35, 3500; 70, 10 
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Translating 
for Success 


1. Brick-Mason Expense. A 6. Hourly Rate. Miller Auto 


commercial contractor is 
building 30 two-unit con- 
dominiums in a retirement 
community. The brick-mason 
expense for each building is 
$10,860. What is the total cost 
of bricking the buildings? 


2. Heights. Dean’s sons are 


on the high school basketball 
team. Their heights are 73 in., 
69 in., and 76 in. How much 
taller is the tallest son than 
the shortest son? 


3. Account Balance. James 


has $423 in his checking 
account. Then he deposits 
$73 and uses his debit card 
for purchases of $76 and 
$69. How much is left in the 
account? 


4. Purchasing a Computer. A 


computer is on sale for $423. 
Jenny has only $69. How 
much more does she need to 
buy the computer? 


5. Purchasing Coffee Makers. 


Sara purchases 8 coffee mak- 
ers for the newly remodeled 
bed-and-breakfast that she 
manages. If she pays $52 for 
each coffee maker, what is the 
total cost of her purchase? 


The goal of these matching questions 
is to practice step (2), Translate, of 
the five-step problem-solving process. 
Translate each word problem to an 


equation and select a correct translation 


from equations A-0. 
A. 8°52 =n 


B. 69-n = 76 


73 — 76 — 69 =n 


- 423 + 73 — 76-69 =n 


30° 10,860 = n 


15+n = 195 


. 69 + n = 423 


. n= 10,860 — 300 


n = 423 + 69 


30+n = 10,860 


- 15-195 =n 


n=52-8 


. 69 +n = 76 


> jis = Ike = 


O. 52+ n= 60 


Answers on page A-2 


Repair charges $52 per hour 
for labor. Jackson Auto Care 
charges $60 per hour. How 
much more does Jackson 
charge than Miller? 


. College Band. A college 


band with 195 members 
marches in a 15-row formation 
in the homecoming halftime 
performance. How many 
members are in each row? 


. Shoe Purchase. A college 


football team purchases 

15 pairs of shoes at $195 a 
pair. What is the total cost of 
this purchase? 


9. Loan Payment. Kendra’s 


uncle loans her $10,860, inter- 
est free, to buy a car. The 
loan is to be paid off in 

30 payments. How much is 
each payment? 


. College Enrollment. At the 


beginning of the fall term, the 
total enrollment in Lakeview 
Community College was 
10,860. By the end of the first 
two weeks, 300 students had 
withdrawn. How many stu- 
dents were then enrolled? 


FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


Reading Check List the steps of the problem-solving strategy in order, using the choices given below. The last step 
is already listed. 


Check Familiarize Solve Translate 


RC1. 1. 


RC2. 2. 


RC3. 3. 


RC4, 4. 


5. State. 


Concept Check Choose from the list on the right the best translation of each problem. 


CC1. Jessica placed 500 pieces of candy into 125 giveaway bags for children. a) 500 + 125 = x 


If she put the same number of pieces of candy in each bag, how many b) 500 = x + 125 
pieces did she put in each bag? c) x = 500°125 
CC2. Joseph drove 500 miles on Wednesday and 125 miles on Thursday. d) x 125 = 500 


How much farther did he drive on Wednesday than on Thursday? 


CC3. Hayley mows a rectangular field that is 500 ft long and 125 feet wide. 
What is the area of the field? 


CC4. Alexis spent $500 for groceries in May and $125 for groceries in June. 
How much did she spend in total for groceries for the two months? 


‘a| Solve. 


Waste. The following figure shows waste generation data for the four countries with the highest per capita generation of 
municipal solid waste. Use the information for Exercises 1-4. 


Municipal Solid Waste 


Waste generation 
(in pounds per person per year) 


Canada United States Switzerland Denmark 


DATA: conferenceboard.ca; U.S. Environmental Protection Agency; 
European Environment Agency 


1. How much more waste is generated annually per 2. How much more waste is generated annually per 
capita in Canada than in the United States? capita in the United States than in Denmark? 

3. Switzerland generates 981 lb more waste annually per 4. Canada generates 531 Ib more waste annually per 
capita than does Romania. How much waste per capita capita than does Iceland. How much waste per capita 
is generated annually in Romania? is generated annually in Iceland? 
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5. 


9. 


11. 


64 


A carpenter drills 216 holes in a rectangular array to 
construct a pegboard. There are 12 holes in each row. 
How many rows are there? 


Olympics. There were 306 events in the 2016 
Summer Olympics in Rio de Janeiro, Brazil. This was 
263 more events than there were in the first modern 
Olympic games in Athens, Greece, in 1896. How many 
events were there in 1896? 


Data: USA Today; thedailybeast.com 


Boundaries between Countries. The boundary 
between mainland United States and Canada includ- 
ing the Great Lakes is 3987 mi long. The length 

of the boundary between the United States and 
Mexico is 1933 mi. How much longer is the Canadian 
border? 


Data: U.S. Geological Survey 


CANADA 


Pixels. A high-definition television (HDTV) screen 
consists of small rectangular dots called pixels. How 
many pixels are there on a screen that has 1080 rows 
with 1920 pixels in each row? 


Whole Numbers 


CHAPTER 1 


Mississippi River 


6. Lou arranges 504 entries on a spreadsheet in a rectan- 


gular array that has 36 rows. How many entries are in 
each row? 


. Olympics. Athletes from 206 countries participated 


in the 2016 Summer Olympics in Rio de Janeiro, 
Brazil. The number of countries represented in the 
2016 Olympics was 192 more than the number of coun- 
tries represented in the first modern Olympic games 

in Athens, Greece, in 1896. How many countries were 
represented in 1896? 


Data: history.com; thedailybeast.com 


10. Longest Rivers. The longest river in the world is the 


Nile in Africa at about 4135 mi. The longest river in 
the United States is the Missouri—Mississippi at about 
3860 mi. How much longer is the Nile? 


Nile River 


Missouri River 


12. Crossword Puzzle. The USA Today crossword puz- 


zle is a rectangle containing 15 rows with 15 squares 
in each row. How many squares does the puzzle have 
altogether? 


46 47 
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13. 


15. 


Housing Costs. 


Caffeine Content. An 8-oz serving of Red Bull 
energy drink contains 76 milligrams of caffeine. 

An 8-oz serving of brewed coffee contains 19 more 
milligrams of caffeine than the energy drink. How 
many milligrams of caffeine does the 8-oz serving of 
coffee contain? 


Data: The Mayo Clinic 


There are 24 hr in a day and 7 days in a week. How 
many hours are there in a week? 


2017. Use this graph to do Exercises 17-22. 


17. 


19. 


21. 


23. 


Average Rent for a One-Bedroom Apartment 


$2500 
2000 
1500 


1000 


Rent per month 


Indianapolis Phoenix 


DATA: rentjungle.com 


How much higher is the average monthly rent in 
Seattle than in Dallas? 


Phil, Scott, and Julio plan to rent a one-bedroom 
apartment in Atlanta immediately after graduation, 
sharing the rent equally. What average monthly rent 
can each of them expect to pay? 


On average, how much rent would a tenant pay 
for a one-bedroom apartment in Phoenix during a 
12-month period? 


Colonial Population. Before the establishment 
of the U.S. Census in 1790, it was estimated that the 
colonial population in 1780 was 2,780,400. This was 


an increase of 2,628,900 from the population in 1680. 


What was the colonial population in 1680? 


Data: Time Almanac 


14. 


16. 


Dallas 


18. 


20. 


22. 


24. 


Caffeine Content. Hershey’s 6-0z milk chocolate 
almond bar contains 25 milligrams of caffeine. A 
20-0z bottle of Coca-Cola has 32 more milligrams of 
caffeine than the Hershey bar. How many milligrams 
of caffeine does the 20-0z bottle of Coca-Cola 

have? 


Data: National Geographic, “Caffeine,” by T. R. Reid, January 2005 


There are 60 min in an hour and 24 hr in a day. How 
many minutes are there in a day? 


The graph below shows the average monthly rent for a one-bedroom apartment in several cities in June 


Atlanta Seattle 


How much lower is the average monthly rent in 
Indianapolis than in Atlanta? 


Maria and her sister Theresa plan to share a 
one-bedroom apartment in Phoenix, dividing the 
monthly rent equally between them. About how 
much can each of them expect to pay? 


On average, how much rent would a tenant pay for a 
one-bedroom apartment in Seattle during a 6-month 
period? 


Interstate Speed Limits. The speed limit for 
passenger cars on interstate highways in rural areas 
in Montana is 75 mph. This is 10 mph faster than the 
speed limit for trucks on the same roads. What is the 
speed limit for trucks? 
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25. 


27. 


29. 


31. 


33. 


66 


Yard-Sale Profit. Ruth made $312 at her yard 
sale and divided the money equally among her 
four grandchildren. How much did each child 
receive? 


Parking Rates. The most expensive parking in 

the world is found in New York City, where the 
average rate is $606 per month. This is $216 per month 
more than in Sydney, Australia. What is the average 
monthly parking rate in Sydney? 


Data: autoguide.com 


. Paper Measures. A quire of paper consists of 


25 sheets, and a ream of paper consists of 500 sheets. 
How many quires are in a ream? 


. Trade Balance. In 2016, international visitors 


spent $153,700,000,000 traveling in the United States, 
while Americans spent $110,500,000,000 traveling 
abroad. How much more was spent by visitors to 

the United States than by Americans traveling 
abroad? 


Data: U.S. Travel Association 


Refrigerator Purchase. Gourmet Deli has a chain 
of 24 restaurants. It buys a commercial refrigerator for 
each store at a cost of $1019 each. Determine the total 
cost of the purchase. 


Seinfeld. A local television station plans to air 
the 177 episodes of the long-running comedy series 
Seinfeld. If the station airs 5 episodes per week, 
how many full weeks will pass before it must begin 
re-airing previously shown episodes? How many 
unaired episodes will be shown the following week 
before the previously aired episodes are rerun? 


Crossword Puzzle. The Los Angeles Times crossword 
puzzle is a rectangle containing 441 squares arranged 
in 21 rows. How many columns does the puzzle 

have? 


CHAPTER1 Whole Numbers 


. Microwave Purchase. Each room in the new 


dorm at Bridgeway College has a small kitchen. To 
furnish the kitchens, the college buys 96 microwave 
ovens at $88 each. Determine the total cost of the 
purchase. 


32. Everybody Loves Raymond. The popular 


television comedy series Everybody Loves Raymond 
had 208 scripted episodes and 2 additional episodes 
consisting of clips from previous shows. A local 
television station plans to air the 208 scripted episodes, 
showing 5 episodes per week. How many full weeks 
will pass before it must begin re-airing episodes? How 
many unaired episodes will be shown the following 
week before the previously aired episodes are 

rerun? 


. Mailing Labels. A box of mailing labels contains 


750 labels on 25 sheets. How many labels are on each 
sheet? 
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35. Automobile Mileage. 


37. High School Court. 


39. 


41. 


The 2017 Ford Focus FWD 
with a manual transmission gets 30 miles per gallon 
(mpg) in city driving. How many gallons will it use in 
7080 mi of city driving? 


Data: fueleconomy.gov 


The standard basketball court 
used by high school players has dimensions of 50 ft 
by 84 ft. 

a) What is its area? 

b) What is its perimeter? 


36. 


38. 


Automobile Mileage. The 2017 Chevrolet Tahoe 
C1500 gets 23 miles per gallon (mpg) in highway 
driving. How many gallons will it use in 3795 mi of 
highway driving? 


Data: fueleconomy.gov 


College Court. The standard basketball court used 


by college players has dimensions of 50 ft by 94 ft. 


a) What is its area? 

b) What is its perimeter? 

c) How much greater is the area of a college court than 
that of a high school court? (See Exercise 37) 


Copies of this book are usually shipped from the 
warehouse in cartons containing 24 books each. 
How many cartons are needed to ship 1344 
books? 


Map Drawing. A map has a scale of 215 mi to the 
inch. How far apart in reality are two cities that are 3 in. 
apart on the map? How far apart on the map are two 
cities that, in reality, are 1075 mi apart? 


0 215, 
l | 


_ Miles per inch 


40. 


42. 


The H. J. Heinz Company ships 16-oz bottles of 
ketchup in cartons containing 12 bottles each. How 
many cartons are needed to ship 528 bottles of 
ketchup? 


Map Drawing. A map has a scale of 288 mi to the 
inch. How far apart on the map are two cities that, in 
reality, are 2016 mi apart? How far apart in reality are 
two cities that are 8 in. apart on the map? 
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43. Loan Payments. Dana borrows $5928 for a used 44, 
car. The loan is to be paid off in 24 equal monthly 
payments. How much is each payment (excluding 
interest)? 


Home Improvement Loan. The Van Reken family 
borrows $7824 to build a detached garage next to 
their home. The loan is to be paid off in equal 
monthly payments of $163 (excluding interest). How 
many months will it take to pay off the loan? 


Refer to the information in Example 7 to do Exercises 45 and 46. 


For how long must you golf, walking, in order to lose 
one pound? 


45. For how long must you do aerobic exercises in order to 46. 
lose one pound? 


New Jobs. Many of the fastest-growing occupations in the United States require education beyond a high school diploma. 
The following table lists some of these and gives the projected numbers of new jobs expected to be created between 2014 
and 2024. Use the information in the table for Exercises 47 and 48. 


49. Seating Configuration. 


New Jobs Created, 2014-2024 


Accountant 


Registered nurse 


Postsecondary teacher 


Physical therapist 71,800 
Web developer Y 39,500 
Marketing manager im 19,700 


[See 
177,000 


439,300 


142,400 


DATA: U.S. Bureau of Labor Statistics 


47. The U.S. Bureau of Labor Statistics predicts that 


between 2014 and 2024, there will be 411,800 more 
new jobs created for registered nurses and physical 
therapists than there will be for physicians. How many 
new jobs will be created for physicians between 2014 
and 2024? 


The seats in the Boeing 
737-700 airplanes in United Airlines’ North American 
fleet are configured with 3 rows of 4 seats across in 
first class, 17 rows of 6 seats across in economy class, 
and one exit row of 4 seats across. Determine the total 
seating capacity of one of these planes. 


Data: United Airlines 
Economy class: 


17 rows of 6 seats; 
1 row of 4 seats 


First class: 
3 rows of 
4 seats 
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48. 


50. 


The U.S. Bureau of Labor Statistics predicts that 
between 2014 and 2024, there will be 143,100 more 
new jobs created for marketing managers and 
accountants than there will be for sales managers. 
How many new jobs will be created for sales managers 
between 2014 and 2024? 


Seating Configuration. The seats in the Airbus 320 
airplanes in United Airlines’ North American fleet 
are configured with 3 rows of 4 seats across in first 
class and 23 rows of 6 seats across in economy class. 
Determine the total seating capacity of one of these 
planes. 


Data: United Airlines 
First class: 


3 rows of 
4 seats 


Economy class: 
23 rows of 6 seats 
A 
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51. 


53. 


55. 


Skill Maintenance 
57. 


61. 


Elena buys 5 video games at $64 each and pays 
for them with $10 bills. How many $10 bills does it 
take? 


The balance in Meg’s bank account is $568. She uses 
her debit card for purchases of $46, $87, and $129. 
Then she deposits $94 in the account after returning a 
textbook. How much is left in her account? 


Bones in the Hands and Feet. There are 27 bones in 
each human hand and 26 bones in each human foot. 
How many bones are there in all in the hands and 
feet? 


Add:  [1.2a] 58. Subtract: [1.3a| 
6254 9602 
1537 —~ 1843 

+ 482 

Find the perimeter of the figure. [1.2b] 

6m 9m 
4m 
8m 
7m 


63. Estimate 238 < 596 by rounding to the nearest 
hundred. [1.6b] 

Synthesis 

65. Speed of Light. Light travels about 186,000 miles 


per second (mi/sec) in a vacuum such as in outer 
space. In ice it travels about 142,000 mi/sec, and in 
glass it travels about 109,000 mi/sec. In 18 sec, how 
many more miles will light travel in a vacuum than in 
ice? than in glass? 


52. 


54. 


56. 


59. 


62. 


64. 


Pedro buys 5 video games at $64 each and pays 
for them with $20 bills. How many $20 bills does it 
take? 


The balance in Dylan’s bank account is $749. He uses 
his debit card for purchases of $34 and $65. Then he 
makes a deposit of $123 from his paycheck. What is 
the new balance? 


An office for adjunct instructors at a community 
college has 6 bookshelves, each of which is 3 ft 
wide. The office is moved to a new location that 
has dimensions of 16 ft by 21 ft. Is it possible for 
the bookshelves to be put side by side on the 16-ft 
wall? 


Multiply: [1.4a] 60. Divide: [1.5a] 
3405 32)4708 

xX 237 

Find the area of the region. [1.4b] 


211 ft 


Solve: x + 15 = 81. [1.7b] 


. Carney Community College has 1200 students. Each 


instructor teaches 4 classes, and each student takes 
5 classes. There are 30 students and 1 instructor in 
each classroom. How many instructors are there at 
Carney Community College? 
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OBJECTIVES 

fa) Write exponential notation 

for products such as 

AAs, 

b Evaluate exponential 
notation. 


@ Simplify expressions using 
the rules for order of 
operations. 


ds Remove parentheses within 
parentheses. 


Write exponential notation. 
1. 5°5*5*5 


2s DOD tH SS 
3. 10-10 


4. 10-10-10-10 


Answers 
1.5* 2.5° 3.107 4. 107 
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Exponential Notation 


and Order of Operations 


a WRITING EXPONENTIAL NOTATION 


Consider the product 3-3-3-3. Such products occur often enough that 
mathematicians have found it convenient to create a shorter notation, called 
exponential notation, for them. For example, 


3+3+3+3 isshortenedto 34.<— exponent 


base 
4 factors 


We read exponential notation as follows. 


| NOTATION | WORD DESCRIPTION 


3° “three to the fourth power,” or 
“the fourth power of three” 


5 “five cubed,” or 

“the cube of five,” or 

“five to the third power,” or 
“the third power of five” 


P “seven squared,” or 

“the square of seven,” or 
“seven to the second power,” or 
“the second power of seven” 


The wording “seven squared” for 7? is derived from the fact that a square 
with side s has area A given by A = s. 


Ss 


An expression like 3-5? is read “three times five squared,” or “three 
times the square of five.” 


EXAMPLE 1 Write exponential notation for 10-10- 10-10-10. 


5 is the exponent. B 


. . . 5 
Exponential notation is 10°. (he die awe, 


EXAMPLE 2 Write exponential notation for 2+ 2-2. 
Exponential notation is 2°. 


«@ Do Exercises 1-4. 


bd EVALUATING EXPONENTIAL NOTATION 


Multiply whole numbers.  {1.4a| 
Multiply. 
ib 5X5 x 5 DD Ox Xe 


Answers: 1.125 2.32 
MyLab Math 
VIDEO 


We evaluate exponential notation by rewriting it as a product and then com- 
puting the product. 
EXAMPLE 3 Evaluate: 100,000 © ttre Caution! «=... 

10° = 10-10-10 = 1000 10° does not mean 10° 3. e 


EXAMPLE 4 Evaluate: 57. 
54 = 5+5+5+5 = 625 


Do Exercises 5-8. > 


(©) SIMPLIFYING EXPRESSIONS 


Suppose we have a calculation like the following: 
3+ 4:8. 


How do we find the answer? Do we add 3 to 4 and then multiply by 8, or do 
we multiply 4 by 8 and then add 3? In the first case, the answer is 56. In the 
second, the answer is 35. We agree to compute as in the second case: 


3+ 4°8 =3 + 32 = 35. 


The following rules are an agreement regarding the order in which we 
perform operations. These are the rules that computers and most scientific 
calculators use to do computations. 


RULES FOR ORDER OF OPERATIONS 


1. Do all calculations within parentheses ( ), brackets [ ], or 
braces { } before operations outside. 


2. Evaluate all exponential expressions. 
3. Do all multiplications and divisions in order from left to right. 


4. Do all additions and subtractions in order from left to right. 


XX S 


EXAMPLE 5 Simplify: 16 + 8-2. 


There are no parentheses or exponents, so we begin with the third step. 


16 S892 = 292 Doing all multiplications and 
=4 divisions in order from left to right O 


pcs) 5. Evaluate: 10°. 


iG? = 7 @ Cc = 


Evaluate. 
6. 107 y Pana 


Exponential Notation Many 
calculators have a[y*] or] » | key 
for raising a base to a power. To 
find 16°, for example, we press 

1|[ 6 |[y‘][3 ][=]or [2 ][6][- 
3 || =|. The result is 4096. 


EXERCISES: Use a calculator to 
find each of the following. 


1.35 243 

2. 5° 15,625 
3. 124 20,736 
4. 2!" 2048 


Answers 
5. 10,000 6.100 7. 512 8. 32 


Guided Solution: 
5. 10, 10, 10, 10, 10,000 
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Simplify. 
9. 93 — 14-3 


10. 104+4+4 
11. 25-26 — (56 + 10) 


12. 75 +5 + (83 — 14) 


Simplify and compare. 
13. 64 + (32 + 2) and 
(64 + 32) +2 


14, (28+ 13) +11 and 
28 + (13 + 11) 


15. Simplify: 

9 < dl = (20 = 4) = 8B = (G = 2). 
@ x dl = (20 + 4) = 8 = (= 2) 
OxXd= Bsa 

= —24+8-4 
=36- —-4 

= —-4 


Simplify. 
16. 5-5-5 + 26-71 
— (16 + 25-3) 


17. 30 + 5-2 + 10:20 + 8-8 
— 23 


18. 95 — 2+2-2-5 = (24 - 4) 


Simplify. 
19, 5° + 26-71 — (16 + 25-3) 


20. (1 + 3)3 + 10-20 + 8 — 23 


21. 81 — 37-2 + (12-9) 


Answers 


9.51 10.30 11.584 12. 84 13. 4:1 
14. 52;52 15. 29 16. 1880 17. 253 
18. 93 19. 1880 20. 305 21. 75 
Guided Solution: 

15. 24, 4, 36, 3, 33, 29 
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EXAMPLE 6 Simplify: 7-14 — (12 + 18). 


7°14 — (12 + 18) = 7-14 — 30 Carrying out operations 
inside parentheses 


= 98 — 30 Doing all multiplications 
and divisions 

= 68 Doing all additions and 
subtractions 


<@ Do Exercises 9-12. 


EXAMPLE 7 Simplify and compare: 23 — (10 — 9) and (23 — 10) — 9. 


We have 
23 — (10 — 9) = 23 — 1 = 22; 
(23 — 10) -9=13-9=4. 
We can see that 23 — (10 — 9) and (23 — 10) — 9 represent different num- 
bers. Thus subtraction is not associative. i) 


«@ Do Exercises 13 and 14. 


EXAMPLE 8 Simplify: 7-2 — (12 + 0) + 3 — (5 — 2). 
7:2 — (12 +0) +3-(5- 2) 
S92. =1233°=3 Carrying out operations inside 


parentheses 
=14-4-3 Doing all multiplications and divisions 
in order from left to right 
=10-3 Doing all additions and subtractions 
=7 in order from left to right 8 


EXAMPLE 9 Simplify: 15 + 3-2 + (10 — 8). 
15329 = (10 — 8) 


=o: 3°25 2 Carrying out operations 
inside parentheses 


= 32> 2 Doing all multiplications 
=10+2 and divisions in order 
=¢ from left to right 


<@ Do Exercises 15-18. 


EXAMPLE 10 Simplify: 47 + (10 — 9 + 1)3-3 —5. 
P= (10 = 94 1)%93 5 
= +(1+1)?-3-5 Subtracting inside parentheses 


= 4 +2-3-5 Adding inside parentheses 

= 16+8:3-5 Evaluating exponential expressions 
=2+3-5 Doing all multiplications and 
=6§—-—5 divisions in order from left to right 


=1 Subtracting 
< Do Exercises 19-21. 


EXAMPLE 11 Simplify: 2’ + 2°-2°. 


2? + 26-23 = 512 + 64-8 Since there are no parentheses, we 
evaluate the exponential expressions. 


= $°S Doing all multiplications and 
= 64 divisions in order from left to right 


Do Exercise 22. > 


Averages 


In order to find the average of a set of numbers, we use addition and then 
division. For example, the average of 2, 3, 6, and 9 is found as follows. 


The number of addends is 4. 


[ T Tf 
2+3+6+9 20 
Average = 4 = 


i Divide by 4. 


The fraction bar acts as a grouping symbol, so 


2+3+6+9 


a is equivalent to (2 +3 +649) +4. 


Thus we are using order of operations when we compute an average. 


AVERAGE 


The average of a set of numbers is the sum of the numbers divided by 
the number of addends. 


EXAMPLE 12 National Parks. Since 2000, four national parks have 
been established in the United States. The sizes of these parks are shown in 
the figure below. Determine the average size of the four parks. 


U.S. National Parks 
200,000 


150,000 - ~* a = 


100,000 


Size (in acres) 


50,000 b- 


Ki i 
ley Congaree 


Great Sand Dunes Pinnacles 


Cuyahoga Va 


National Park, National Park, National Park, National Park, 
Ohio, 2000 South Carolina, Colorado, 2004 California, 2013 
2003 


DATA: National Geographic 


22. Simplify: 2°-2° + 2’. 


Order of Operations Wecan 
test whether a calculator is 
programmed to follow the rules 
for order of operations by entering 
a calculation such as 3 + 4:2. 
Using the rules for order of 
operations, the value of this 
expression is 11. If a calculator 
returns the result 14 instead 

of 11, that calculator performs 
operations as they are entered 
rather than following the rules for 


order of operations. When using 
such a calculator, we have to enter 
the operations in the order in 
which we want them performed. 


EXERCISES: Simplify. 
1.84 -— 5-7 
2. 80 + 50 + 10 
3.37 + 9% +3 
4,44 + 64-4 
5. 15-7 — (23 + 9) 
6. (4 + 3)? 


Answer 
22. 4 
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23. Average Number of Career 


Hits. 


The numbers of career 


hits of five Hall of Fame base- 
ball players are given in the 
graph below. Find the average 
number of career hits of all 


five. 


Career Hits 


2876 2930 


Sk Ss & 
(ie) x oy ae ¥ 
a ro ss se & 
<j \) 
we Se 
PF of gh st 
(Su 


DATA: Associated Press; Major League Baseball 


Simplify. 


24.9X5+ {6+ [14 — (5 + 3)]} 


Ay, le = (© 2) Sey 
=Gil 0) 2) 
= (18 = 8) = Gil 


=(18- ]-(31- 


Answers 
23. 3118 hits 24. 46 25. 4 


Guided Solution: 
25. 9, 3, 20, 15, 11, 4 
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) 


10 x 2) 


Whole Numbers 


€ 


The average is given by 


33,000 + 24,180 + 149,140 + 26,000 — 232,320 
4 


= 58,080. 


The average size of the four national parks is 58,080 acres. 
< Do Exercise 23. 


da REMOVING PARENTHESES WITHIN PARENTHESES 


When parentheses occur within parentheses, we can make them different 
shapes, such as [ ] (called “brackets”) and { } (called “braces”). All of these 
have the same meaning. When parentheses occur within parentheses, com- 
putations in the innermost ones are to be done first. 


EXAMPLE 13 Simplify: [25 — (4 + 3)-3] + (11 — 7). 
[25 — (4+ 3)-3] + (11 — 7) 
= [25 — 7-3] + (11 - 7) Doing the calculations in the 

innermost parentheses first 


= [25 — 21] + (11 - 7) Doing the multiplication in the 


brackets 
=4+4 Subtracting 
=1 Dividing Oo 


EXAMPLE 14 Simplify: 16 + 2 + {40 — [13 - (4+ 2)]}. 
16+ 2+ {40 — [13 — (4 + 2)]} 
= 16+2+ {40 — [13 — 6]} Doing the calculations in the 
innermost parentheses first 
= 16+2+ {40-7} Again, doing the calculations 
in the innermost brackets 


= 16+2+4 33 Subtracting inside the braces 
= 8 + 33 Dividing 
= 41 Adding 


<@ Do Exercises 24 and 25. 


FOR 
EXTRA @ MyLab Math 
} HELP 


VY Check Your Understanding 


Reading Check Complete each statement by choosing the correct word or number from below the blank. 


RCI. In the expression 5°, the number 3 is the 


base/exponent 


” 


RC2. The expression 9 can be read “nine 
cubed/squared 


RC3. To calculate 10 — 4-2, we perform the first. 


multiplication/subtraction 


RC4. To find the average of 7, 8, and 9, we add the numbers and divide the sum by 


2/3 


Concept Check Choose from the list on the right the operation that should be performed first to evaluate each 
given expression. Choices may be used more than once or not at all. 


CC1. 10+ 2:5 Addition 
CC2. 100 = 10-2 Subtraction 
Multiplication 
CC I= Br S Divisi 
ivision 
CC4, 20 — (4-3) Exponentiation 


CCS. 40 — 5-37 


a = Write exponential notation. 

1,..3°3°3"3 2. 2°2°2°2+2 3: 35 4. 13-13-13 
ee eae Ac ae ae 6. 9-9 7. 10-10-10 8 1-1-1-1 
b Evaluate. 

9, 7 10. 5° 11. 12.2 

13. 124 14. 10° 15. 3° 16, 2 

C Simplify. 
17. 12 + (6 + 4) 18. (12 + 6) + 18 19. 52 — (40 — 8) 
20. (52 — 40) - 8 21. 1000 + (100 + 10) 22. (1000 + 100) + 10 
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23. 


26. 


29. 


32. 


35. 


38. 


41. 


44. 


47. 


50. 


53. 


55. 


57. 
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(256 + 64) + 4 

oa SP 

16+24 + 50 

10-7 -4 

e+sg—4 

1000 + 25 — (15 + 5) 

300 + 5 + 10 

7*(10 = 3)? = 2°(3 +1)? 


10° — 10-6 — (4 + 5-6) 


8x 9=(2=8)+4=(0=7) 


23-28 + 26 


Find the average of $64, $97, and $121. 


Find the average of 320, 128, 276, and 880. 
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24. 


27. 


30. 


33. 


36. 


39. 


42. 


45. 


48. 


51. 


54. 


256 + (64 + 4) 


(11 — 8)? — (18 — 16)” 


23 + 18-20 
10-10 — 34 
g — 8-2 

6-10 — 4-10 
144+4-2 
#4 9 = 2? 


7 + 20-4 — (28 + 9-2) 


120 — 33-4 + (5-6 — 6-4) 


2S Sa 


56. Find the average of four test grades of 86, 92, 80, 
and 78. 


58. Find the average of $1025, $775, $2062, $942, and 


$3721. 


25. 


28. 


31. 


34. 


37. 


40. 


43. 


46. 


52. 


(2 + 5)? 


(32 — 27)3 + (19 + 1)3 


83 — 7:6 


90 — 5-5-2 


17-20 — (17 + 20) 


3°8+ 5-8 
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ia Simplify. 


59. 8X 13 + {42 + [18 — (6+ 5)]} 60. 72 + 6 — {2x [9—- (4 x 2)]} 
Gl; [id= (84 sy 29) = 1s =H 2) 62. [92 x (6 — 4) + 8] + [7 Xx (8 — 3)] 
63. (82 — 14) x [(10 + 45 + 5) — (6-6 — 5°5)] 64. (18 + 2)+{[(9°9 - 1) +2] 


[5+20 — (7:9 — 2)]} 


65. 4 x {(200 — 50 + 5) — [(35 + 7)-(35 + 7) 66. 15(23 — 4+2)3 + (3+25) 
~4x 3]} 


67. {[18 — 2-6] — [40 + (17 — 9)]} + {48 — 13 x 3 + [(50 — 7:5) + 2]} 


68. (19 — 2*)5 — (141 + 47)? 


SKILL Maite mame occ ccc ceccccccceccccceceeceeesvesecesessvssetvsevesvstisvesvesvevitvetvatsvitvetvittvettestevtsveteees 
Solve. [1.7b] 


69. x + 341 = 793 70. 4197 + x = 5032 71. 7-x = 91 

72. 1554 = 42-y 73. 6000 = 1102 + ¢ 74. 10,000 = 100-t 

Solve. [1.8a] 

75. Colorado. The state of Colorado is roughly the 76. Ona long four-day trip, a family bought the following 
shape of a rectangle that is 273 mi by 382 mi. What is amounts of gasoline for their motor home: 23 gal, 
its area? 24 gal, 26 gal, and 25 gal. How much gasoline did they 

buy in all? 
BONE SUS ctu ga cacti speserenstctacleonee hpi sentet esnsoeceetsbdetespot mento eeene taba atre cate iiee snore elon etamactonioencceneat tenet 


Each of the answers in Exercises 77—79 is incorrect. First find the correct answer. Then place as many parentheses as needed 
in the expression in order to make the incorrect answer correct. 


77,.14+5°:4+3 = 36 78. 12+44+2-3-2=2 
79,12+4+2-3-2=4 


80. Use one occurrence each of 1, 2, 3, 4, 5, 6, 7, 8, and 9, in order, and any of the symbols +,—, +, + ,and(_) to represent 
100. 
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CHAPTER 


Summary and Review 


Vocabulary Reinforcement 


In each of Exercises 1-8, fill in the blank with the correct term from the associative 
given list. Some of the choices may not be used and some may be used more commutative 
than once. addende 
1. The distance around an object is its . [1.2b] 
factors 
2. The is the number from which another number is area 
being subtracted. [1.3a] i 
perimeter 
3. For large numbers, are separated by commas into miniiend 
groups of three, called « tal 
subtrahend 
4. In the sentence 28 + 7 = 4, the is 28. [1.5a] product 
5. In the sentence 10 X 1000 = 10,000, 10 and 1000 are called digits 
and 10,000 is called the . [14a] ‘ 
periods 
6. The number 0 is called the identity. [1.2a] additive 
7. The sentence 3 X (6 X 2) = (3 X 6) X 2 illustrates the multiplicative 
law of multiplication. [1.4a] dividead 
8. We can use the following statement to check division: quotient 
quotients [15a] - - remainder 
divisor 


Concept Reinforcement 


Determine whether each statement is true or false. 
. a > bis true when a is to the right of b on the number line. [1.6c] 


. Any nonzero number divided by itself is 1. [1.5a] 


1 
2 
3. For any whole number a,a + 0 = 0. [1.Sa| 
4. Every equation is true. [1.7a] 

5 


. The rules for order of operations tell us to multiply and divide before 
adding and subtracting. [1.9c] 


6. The average of three numbers is the middle number. [1.9c] 
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Study Guide 


Objective 1.1a Give the meaning of digits in standard notation. 


Example What does the digit 7 mean in 2,379,465? Practice Exercise 
2,379,465 : 1. What does the digit 2 mean in 432,079? 


7 means 7 ten thousands. 


Objective 1.2a Add whole numbers. 


Example Add: 7368 + 3547. : Practice Exercise 
11 : 2, Add: 36,047 + 29,255. 
7368 
+3547 
10,915 


Objective 1.3a Subtract whole numbers. 


Example Subtract: 8045 — 2897. : Practice Exercise 
13 : 3, Subtract: 4805 — 1568. 
T OB. 15, 
S04 3 
—- 2897 
5148 


Objective 1.4a Multiply whole numbers. 


Example Multiply: 57 x 315. Practice Exercise 
13 > 4. Multiply: 329 x 684. 
315 
x S7 


2 205<—315 x7 
15 75 0<—315 x 50 
17,935 


Objective 1.5a Divide whole numbers. 


Example Divide: 6463 + 26. Practice Exercise 
248 : 5. Divide: 8519 + 27. 
26)6463 
52 
126 
104 
223 
208 
15 
The answer is 248 R 15. 


Summary and Review: Chapter1 © 79 


Objective 1.6a Round to the nearest ten, hundred, or thousand. 


Example Round to the nearest thousand. Practice Exercise 
6471 : 6. Round 36,468 to the nearest thousand. 


The digit 6 is in the thousands place. We consider 
the next digit to the right. Since the digit, 4, is 4 or 
lower, we round down, meaning that 6 thousands stays 
as 6 thousands. Change all digits to the right of the 
thousands digit to zeros. The answer is 6000. 


Objective 1.6c Use < or > for [_] to write a true sentence in a situation like 6 [_] 10. 


Example Use < or > for LJ to write a true sentence: : Practice Exercise 


7. Use < or > for L] to write a true sentence: 


78 L] 81. 


34 29. 


Since 34 is to the right of 29 on the number line, 


34 > 29. 


Objective 1.7b Solve equations like ¢ + 28 = 54,28-x = 168, and 98-2 = y. 


Example Solve: y + 12 = 27. : Practice Exercise 
y+12=27 > 8. Solve: 24-x = 864. 
yi =12=37 = 12 : 
yt+0=15 
y= 15 


The solution is 15. 


Objective 1.9b Evaluate exponential notation. 


Example Evaluate: 5*. : Practice Exercise 
St = 5-5 +5-5 = 625 : 9, Evaluate: 6°. 


Review Exercises 


The review exercises that follow are for practice. 5. 4,007,101 
Answers are given at the back of the book. If you miss 
an exercise, restudy the objective indicated in red next 
to the exercise or on the direction line that precedes it. 


1. What does the digit 8 mean in 
4,678,952? [1.1a] 


Write a word name. [1.1c] 
6. 67,819 7, 2,781,427 


Write standard notation. [1.1c] 


: 8. Four hundred seventy-six thousand, five hundred 
2. In 13,768,940, what digit tells the number of : eighty-eight 
millions? [1.1a] ; 


9. Candy. About one billion, five hundred million 
marshmallow peeps are produced in the United 
States each year. 


Data: USA Today 


Write expanded notation. [1.1b] 
3. 2793 4. 56,078 
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Add. [1.2a] 


10. 7304 + 6968 11. 27,609 + 38,415 
12. 2703 + 4125 + 6004 + 8956 
13. 91,426 

+ 7,495 
Subtract. [1.3a] 
14. 8045 — 2897 15. 9001 — 7312 
16. 6003 — 3729 17 0— 33. 7,405 

— 19,648 

Multiply. [1.4a] 
18. 17,000 - 300 19. 7846 - 800 
20. 726-698 21. 587: 47 
22, 8305 

X 642 
Divide. [1.5a] 
23. 63 + 5 24. 80 + 16 
25.7)6394 26. 3073 + 8 
27.60)286 28. 4266 + 79 
29.38)17,176 30.14)70,112 
31. 52,668 + 12 
Round 345,759 to the nearest: [1.6a] 
32. Hundred. 33. Ten. 
34. Thousand. 35. Hundred thousand. 


Use < or > for |_| to write a true sentence. [1.6c| 


36. 67 L] 


56 37. 1 [_] 23 


Estimate each sum, difference, or product by first round- 
ing to the nearest hundred. Show your work. [1.6b] 


38. 41,348 + 19,749 39. 38,652 — 24,549 


40. 396-748 


Solve. [1.7b] 
41. 46-n = 368 42.47 +x = 92 


43. 1-y = 58 44. 24=x+ 24 


45. Write exponential notation: 4-4-4. [1.9a] 


Evaluate. [1.9b] 
46. 10° 47. 6° 


Simplify. [1.9c, d] 
48. 8:6 + 17 


49. 10-24 — (18 + 2) +4- (9-7) 


50. (80 + 16) X [(20 — 56 + 8) + (8:8 — 5*5)] 


51. Find the average of 157, 170, and 168. [1.9c] 


Solve. 


52. Computer Purchase. Natasha has $196 and wants 
to buy a computer for $698. How much more does 
she need? [1.8a] 


53. Toni has $406 in her checking account. She is 
paid $78 for a part-time job and deposits that in 
her checking account. How much is then in her 
account? [1.8a] 


54. Lincoln-Head Pennies. In 1909, the first Lincoln- 
head pennies were minted. Seventy-three years 
later, these pennies were first minted with a 
decreased copper content. In what year was the 
copper content reduced? [1.8a| 


55. A beverage company packed 228 cans of soda into 
12-can cartons. How many cartons were filled? [1.8a] 


Summary and Review: Chapter 1 
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56. An apartment builder bought 13 gas stoves at $425 
each and 13 refrigerators at $620 each. What was 
the total cost? [1.8a] 


57. An apple farmer keeps bees in her orchard to 
help pollinate the apple blossoms. The bees from 
an average beehive can pollinate 30 surrounding 
trees during one growing season. The farmer has 
420 trees. How many beehives does she need to 
pollinate all of them? [1.8a] 


Data: Jordan Orchards, Westminster, PA 


58. Olympic Trampoline. Shown below is an Olympic 
trampoline. Determine the area and the perimeter 
of the trampoline. [1.2b], [1.4b] 


Data: International Trampoline Industry Association, Inc. 


59, A chemist has 2753 mL of alcohol. How many 
20-mL beakers can be filled? How much will be left 
over? [1.8a] 


60. A family budgeted $7825 a year for food and 
clothing and $2860 for entertainment. The 
yearly income of the family was $38,283. How 
much of this income remained after these two 
allotments? [1.8] 


61. Simplify: 7 + (4 + 3)?. [1.9c] 


A. 32 B. 56 
C. 151 D. 196 


62. Simplify: 7 + 47 + 37. [1.9c] 


A. 32 B. 56 
C. 130 D. 196 


63. [46 — (4—2)+5] +244 [1.9d] 


A. 6 B. 20 
D. 22 


SyNthesis eee 
64. &#) Determine the missing digit d. [1.4a] 


9d 
x d2 
8036 


65. #) Determine the missing digits a and b.  [1.5a] 
9al 
261323 6,421 


66. A mining company estimates that a crew must 
tunnel 2000 ft into a mountain to reach a deposit 
of copper ore. Each day, the crew tunnels about 
500 ft. Each night, about 200 ft of loose rocks 
roll back into the tunnel. How many days will 
it take the mining company to reach the copper 
deposit? [1.8a] 


Understanding Through Discussion and Writing 


1. Is subtraction associative? Why or why not? [1.3a] 


2. Explain how estimating and rounding can be useful 
when shopping for groceries. [1.6b] 


3. Write a problem for a classmate to solve. Design 
the problem so that the solution is “The driver still 
has 329 mi to travel.” [1.8a] 


4. Consider the expressions 9 — (4-2) and (3+ 4)”. 
Are the parentheses necessary in each case? 
Explain. [1.9c] 
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CHAPTER 


Ee For step-by-step test solutions, access the Chapter Test Prep Videos 
Extra : 
in MyLab Math. 
Test Help 


1. In the number 546,789, which digit tells the number of hundred thousands? 


2. Write expanded notation: 8843. 3. Write a word name: 38,403,277. 
Add. 
4 6811 he 4 5,8 8 © G& Itza hb @O2038 
a 3 7 il 7902 8 43 +4312 
3 Oi 
wr 7 82 
Subtract. 
th FOSS mo 2974 10. 8907 iil, 2% 3,0 © 7 
= 453)5:°3 BOR 5 = 2059 = 1289 2 
Multiply. 
12. 4568 ig 8 8 7 © 14. 65 15. 678 
x 9 x 600 x 37 x78 8 
Divide. 
16. 15 + 4 17. 420 + 6 18.89) 8633 19.44)35,428 


Round 34,528 to the nearest: 
20. Thousand. Pail, “Wert, 22. Hundred. 


Estimate each sum, difference, or product by first rounding to the nearest hundred. Show your work. 
eh, 2) Bh oy db YD) 24. 34,751 25. 824 
+5 4,746 = 2,3,164°9 x 489 


Wsei-—on=stor to write a true sentence. 


26. 34 7 Pb, M7 57 
Solve. 
28228) 4 — 74 29, 169 = 13 =n 30. 38-y = 532 31. 381 =O+a 


Test: Chapter1 83 


Solve. 


32. Calorie Content. An 8-oz serving of whole milk 
contains 146 calories. This is 63 calories more than 
the number of calories in an 8-oz serving of skim 
milk. How many calories are in an 8-oz serving of 
skim milk? 


Data: American Journal of Clinical Nutrition 


34. Largest States. The following table lists the five 
largest states in terms of their land area. Find the total 
land area of these states. 


AREA 
(in square miles) 


Alaska 571,951 
Texas 261,797 
California 155,959 
Montana 145,552 


New Mexico 121,356 


DATA: U.S. Department of Commerce; U.S. Census Bureau 


36. Hostess Ding Dongs®. Hostess packages its Ding 
Dong snack cakes in 12-packs. How many 12-packs can 
it fill with 22,231 cakes? How many will be left over? 


38. Write exponential notation: 12-12+12-12. 


Evaluate. 


39. 7° 


Simplify. 
ANN, si) = IOs 4h ar 3) 42.10? - 2 +2 
44, 2° + 24+ 12 


46. Find the average of 97, 99, 87, and 89. 
A. 93 B. 124 


ALLL fof foal ane CR Peo ERS CET RACRL TYPED Cs IVER TRYIN UREN REV: SRO een vy ACT PNY rev WV NT URTYE CV Pert THCOnOR 


47. An open cardboard container is 8 in. wide, 12 in. long, 
and 6 in. high. How many square inches of cardboard 
are used? 


49. Cara spends $229 a month to repay her student loan. 
If she has already paid $9160 on the 10-year loan, how 
many payments remain? 
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33. A box contains 5000 staples. How many staplers 
can be filled from the box if each stapler holds 
250 staples? 


35. Pool Tables. The Bradford™ pool table made by 
Brunswick Billiards comes in three sizes, with playing 
area dimensions of 50 in. by 100 in., 44 in. by 88 in., 
and 38 in. by 76 in. 


Data: Brunswick Billiards 


a) Determine the perimeter and the playing area of 
each table. 

b) By how much does the area of the largest table 
exceed the area of the smallest table? 


37. Office Supplies. Morgan manages the office of a 
small graphics firm. He buys 3 black inkjet cartridges 
at $15 each and 2 photo inkjet cartridges at $25 each. 
How much does the purchase cost? 


40. 10° 


43, (25 — 15) = 5 


AS ON = aD eS GO =f 


C. 186 D. 372 


48. Use trials to find the single-digit number a for which 
359 - 46 +a+3xX 25-7 = 339. 
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Fraction Notation: 


T-Shirt Exports 


Export Sales (in U.S. dollars) 


China 


Bangladesh 


Turkey 


India 
Germany 


Vietnam 


DATA: worldstopexports.com 


In Exercise 47 in Exercise Set 2.6, we will calculate the dollar value of 


worldwide exports of cotton t-shirts. 


J ; 


6"901 WMI 


MADE IN CHINA 


Multiplication and Division 


Each year over 2 billion t-shirts are sold worldwide. T-shirt exports by all countries 
totaled $43,100,000,000 in 2016. The table below lists the sales, in dollars, for the 


CHAPTER 


2.1 
2.2 
2.3 


Factorizations 
Divisibility 

Fractions and Fraction 
Notation 


Multiplication and 
Applications 


Simplifying 


2.4 


2.5 


Mid-Chapter Review 

2.6 Multiplying, Simplifying, 
and Applications 

2.7 Division and Applications 


Translating for Success 
Summary and Review 
Test 


top six countries. The most 
common type of fabric used 
to make t-shirts is cotton, 
for example, combed, 
organic, pima, or slub 
cotton. Two other fabrics 
often used to make t-shirts 
are linen and polyester. 


DATA: www.worldstopexports.com, 
“T-shirt Exports by Country” by 
Daniel Workman, June 29, 2017; 
www. huffingtonpost.com; 
theadairgroup.com 


STUDYING FOR SUCCESS Learning Resources on Campus 


{) There may be a learning lab or a tutoring center for drop-in tutoring. 


(_) There may be group tutoring sessions for this specific course. 


(_] The math department may have a bulletin board or network that provides contact information for 


private tutors. 


Za 


OBJECTIVES 


a Determine whether one 
number is a factor of 
another, and find the 
factors of a number. 


ie) Find some multiples of a 
number, and determine 
whether a number is 
divisible by another. 


fe Given a number from 1 to 
100, tell whether it is prime, 
composite, or neither. 


(al) Find the prime factorization 
of a composite number. 


Divide whole numbers. 
[1.5a] 


Divide. 
i, 22D & 8 
2,973) nOesall 


Answers: 1. 41 R1 2. 47 
VIDEO 


Determine whether the second 
number is a factor of the first. 


1. 72;8 2. 2384; 28 


Answers 
1. Yes 2. No 


Factorizations 


In this chapter, we begin our work with fractions and fraction notation. 
Factoring is an important skill in working with fractions. For example, 
in order to simplify 35, it is important that we be able to factor 12 and 32, 
as follows: 


12 _ 4:3 
32. 4-8 
Then we “remove” a factor of 1: 


4-3 4 3 1 2 8 
4-8 48 8 8 


Bl FACTORS AND FACTORIZATIONS 


Here we consider only the natural numbers 1, 2, 3, and so on. 

Let’s look at the product 3-4 = 12. We say that 3 and 4 are factors of 
12. When we divide 12 by 3, we get a remainder of 0. We say that the divisor 
3 is a factor of the dividend 12. 


FACTOR 


e In the product a:b, a and b are called factors. 


e If we divide Q by d and get a remainder of 0, then the divisor d is 
a factor of the dividend Q. 


EXAMPLE 1 Determine by long division (a) whether 6 is a factor of 198 
and (b) whether 15 is a factor of 198. 


33 13 
a) 6)198 b) 15)198 
18 15 
18 48 
18 45 
0 <— Remainder is 0. 3<— Not 0 


The remainder is 0, 


Th inder 1 t 0 
so 6is a factor of 198. Sanaa ar aIeS: 


so 15 is not a factor of 198. 
< Do Exercises 1 and 2. 
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Consider 12 = 3-4. We say that 3-4 is a factorization of 12. Similarly, 
6°2,12-1,2-2-3, and 1-3-4 are also factorizations of 12. Since a = al, 
every number has a factorization, and every number has factors. For 
some numbers, the factors consist of only the number itself and 1. For 
example, the only factorization of 17 is 17-1, so the only factors of 17 are 
17 and 1. 


EXAMPLE 2 List all the factors of 70. 


We list as many “two-factor” factorizations as we can. We check sequen- 
tially the numbers 1, 2, 3, and so on, to see if we can form any factorizations: 


70 
170 
os: 3 and 4 fi f 70 
t t L 
5°14 PEN cere nena rie ene Note that all of the factors of 
6 is not a factor of 70. <+ anatural number are /ess than 
7:10 or equal to the number 
8 and 9 are not factors of 70. : 


10 is already listed. 


The factors of 70 are 1, 2,5, 7,10, 14, 35, and 70. 
Do Exercises 3-6. > 


bd MULTIPLES AND DIVISIBILITY 


A multiple of a natural number is a product of that number and some natural 
number. For example, some multiples of 2 are 


2 (because 2 = 1-2); 
4 (because 4 = 2°2); 
<4 
6 (because 6 = 3-2); 
8 (because 8 = 4-2). 


Note that all of the multiples 
of a number are greater than 
or equal to the number. 


We find multiples of 2 by counting by twos: 2, 4, 6, 8, and so on. We can find 
multiples of 3 by counting by threes: 3, 6, 9, 12, and so on. 


EXAMPLE 3 Show that each of the numbers 8, 12, 20, and 36 is a multiple 
of 4. 
36 = 9-4 


Do Exercises 7 and 8. > 


EXAMPLE 4 Multiply by 1, 2, 3, and so on, to find ten multiples of 7. 


1-7 =7 6-7 = 42 
2°7= 14 7°7 = 49 
3-7 =21 8-7 = 56 
4-7 = 28 9-7 = 63 
5+7 = 35 10-7 = 70 


Do Exercise 9. > 


List all the factors of each number. 
3. 10 


4. 45 

le 
2 is not a factor of 45. 

3 . 
4 is not a factor of 45. 

5c 
6, 7, and 8 are not factors of 45. 
9 is already listed. 


The factors of 45 are 1, ,5, 
? Sy, 


7. Show that each of the numbers 
5, 45, and 100 is a multiple of 5. 


8. Show that each of the numbers 
10, 60, and 110 is a multiple 
of 10. 


9. Multiply by 1, 2, 3, and so on, 
to find ten multiples of 5. 


Answers 

3. 1,2,5,10 4. 1,3,5,9, 15, 45 

5. 1,2,31,62 6. 1,2, 3,4, 6, 8,12, 24 
7.5 =1°5;45 = 9-5;100 = 20°5 

8. 10 = 1-10;60 = 6-10;110 = 11°10 
9. 5,10, 15, 20, 25, 30, 35, 40, 45, 50 
Guided Solution: 

4. 45, 15, 9; 3, 9, 45 
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10. Determine whether 16 is 
divisible by 2. 
8 
)16 
16 


Since the remainder is  , 
16 divisible by 2. 


is/is not 
11. Determine whether 125 is 
divisible by 5. 


12. Determine whether 125 is 
divisible by 6. 


13. Tell whether each number is 
prime, composite, or neither. 


1,2, 6, 12, 13, 19, 41, 65, 73, 99 


Answers 


10. Yes 11. Yes 12. No 13. 2, 13,19, 41, 


and 73 are prime; 6, 12, 65, and 99 are 
composite; | is neither. 

Guided Solution: 

10. 2, 0; 0, is 


DIVISIBILITY 


The number a is divisible by another number 5 if there exists a num- 
ber c such that a = b-c. The statements “a is divisible by b,” “ais a 
multiple of b,” and “b is a factor of a” all have the same meaning. 


Mes af 


Thus, 27 is divisible by 3 because 27 = 3-9. We can also say that 27 is a 


a multiple of 3, and 3 is a factor of 27. 


EXAMPLE 5 Determine (a) whether 45 is divisible by 9 and (b) whether 
45 is divisible by 4. 


a) We divide 45 by 9. b) We divide 45 by 4. 


5 11 
9)45 4)45 
45 4 
0 <—Remainder is 0. 5 
Because the remainder is 0, is 
1 <—Not 0 


45 is divisible by 9. 


Since the remainder is not 0, 
45 is not divisible by 4. 


< Do Exercises 10-12. 


i PRIME AND COMPOSITE NUMBERS 


PRIME AND COMPOSITE NUMBERS 


e A natural number that has exactly two different factors, only itself 
and 1, is called a prime number. 


e The number 1 is not prime. 
e A natural number, other than 1, that is not prime is composite. 


EXAMPLE 6 Determine whether the numbers 1, 2, 7, 8, 9, 11, 18, 39, and 
59 are prime, composite, or neither. 

The number 1 is not prime. It does not have two different factors. 

The number 2 is prime. It has only the factors 2 and 1. 


The numbers 7, 11, and 59 are prime. Each has only two factors, itself 
and 1. 


The number 8 is not prime. It has the factors 1, 2, 4, and 8 and is 
composite. 


The numbers 9, 18, and 39 are composite. Each has more than two 
factors. 


Thus we have 


Prime: 2,7, 11, 59; 
Composite: 8, 9, 18, 39; 
Neither: 1. 


<@ Do Exercise 13. 
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The number 2 is the only even prime number. It is also the smallest 
prime number. The number 0 is neither prime nor composite, but 0 is not 
a natural number and thus is not considered here. We are considering only 
natural numbers. The number 1 is the only natural number that is neither 
prime nor composite. 

The table at right lists the prime numbers from 2 to 97. These prime 
numbers will be the most helpful to you in this text. 


da PRIME FACTORIZATIONS 


When we factor a composite number into a product of primes, we find the 
prime factorization of the number. To do this, we consider the primes 


2, 3,5, 7, 11, 13, 17, 19, 23, and so on, 


and determine whether a given number is divisible by the primes. 


EXAMPLE 7 Find the prime factorization of 39. 
a) We divide by the first prime, 2. 


19 


Because the remainder is not 0, 2 is not a factor of 39, and 39 is not 
divisible by 2. 
b) We divide by the next prime, 3. 
13 R=0 
3)39 
The remainder is 0, so we know that 39 = 3-13. Because 13 is a prime, 
we are finished. The prime factorization is 


39 = 3+13. @ 


EXAMPLE 8 Find the prime factorization of 220. 
a) We divide by the first prime, 2. 
110 R=0 
2)220 220 = 2-110 
b) Because 110 is composite, we continue to divide, starting with 2 again. 
55 R=0 
2)110 220 = 2:2-55 


c) Since 55 is composite and is not divisible by 2 or 3, we divide by the next 
prime, 5. 


11 R=0 
5)55 220 = 2+2°5-11 
Because 11 is prime, we are finished. The prime factorization is 


220 = 22°35" 11. 


ATABLE OF PRIME 
NUMBERS FROM 2 TO 97 
253,957; 14, 13,.17,.19; 23,.29, 


31, 37, 41, 43, 47, 53, 59, 61, 
67, 71, 73, 79, 83, 89, 97 


Divisibility and Factors We 
can use a calculator to determine 
whether one number is divisible 
by another number or whether 
one number is a factor of another 
number. For example, to determine 
whether 387 is divisible by 9, we 
press (3][8][7][£][9][E]. The 
display is 43]. Since 43 isa 
natural number, we know that 387 
is a multiple of 9; thatis, 387 = 


43-9. Thus, 387 is divisible by 9, 
and 9 is a factor of 387. 


EXERCISES: For each pair of 
numbers, determine whether the 
second number is a factor of the 
first number. 


1, 502; 8 
2. 651; 21 
3. 3875; 25 
4. 1047; 14 
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sees See eee Caution! Seedy see scares 


Keep in mind the difference 
between finding all the factors 
of a number and finding 

the prime factorization. In 
Example 9, the prime factoriza- 
tion of 72 is2+2+2-3-+3. The 
factors of 72 are 1, 2, 3, 4, 6, 8, 
9, 12, 18, 24, 36, and 72. 


Find the prime factorization of 
each number. 


14. 6 15. 12 
16. 45 17. 98 
18. 126 19. 144 
20. 1960 21. 1925 
Answers 


14. 2-3 15.2:2-3 16. 3-3-5 

17. 2-7-7 18. 2°3-3-7 

19, 2-2°2+2-3-3 20. 2:2-2°5-7-7 
21. 5°5-7-11 


We abbreviate our procedure as follows. 


ul 
5)55 
2)110 
2)220 

220 = 2+2-5-11 @ 


Because multiplication is commutative, a factorization such as 
2+2+5-+11 could also be expressed as 5-2+2+11 or 2:5-11+2 (or, in expo- 
nential notation, as 2*-5+11 or 11+27-5), but the prime factors are the 
same in each case. For this reason, we agree that any of these is “the” prime 
factorization of 220. 


Every number has just one (unique) prime factorization. 


EXAMPLE 9 Find the prime factorization of 72. 
We can do divisions “up” as follows: 


3 <—Prime quotient 

3) 9 

2)18 

2)36 

2)72 <— Begin here 

72.= 22° 2°3"S 

Another way to find the prime factorization of 72 uses a factor tree as 

follows. Begin by determining any factorization you can, and then continue 


factoring until all of the factors are prime numbers. Any one of the following 
factor trees gives the prime factorization of 72: 


i) 72 72 
x%, rN ee 

2 36 8 9 4 18 
iF re. £% YN WN 
2 2 18 24 3 3 2 229 
ttf FENN ee és 
222-5 222.3 3 23233 
ft £ 2% 
22233 S 


EXAMPLE 10 Find the prime factorization of 189. 


We can use a string of successive divisions or a factor tree. Since 189 is 
not divisible by 2, we begin with 3. 


ri 189 
3)21 Zs 
3)63 ; 63 
3)189 3 o 
189 = 3-3:3-7 Pt 
3 7 3 3 


«@ Do Exercises 14-21. 
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FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


a 


1. 


Reading Check 


used only once. 


RCI. The 


Fill in the blank with a word from the list on the right that completes each statement. Each word is 


factorization of 42 is 2-3-7. 


RC2. 6isa 


of 42. 


RC3. 42 is 


by 14. 


RC4. 42 isa 


of 3. 


RCS. 42 isa 


number. 


RC6. One 


of 42 is 2-21. 


Concept Check 


Determine whether the second number is a factor of the first. 


52; 14 


composite 
divisible 
factor 
factorization 
multiple 
prime 


Determine whether each statement is true or false. 


CCl. 
CC2. 
CC3. 
CC4. 
CC5. 
CC6. 


One factorization of 20 is 4-5. 
One multiple of 15 is 30. 
The number 18 is divisible by 5. 


The smallest prime number is 1. 


A prime number has exactly two different factors. 


The prime factorization of 30 is 3-10. 


2. 52; 13 3. 


List all the factors of each number. 


5. 


9. 


13. 


18 


4 


98 


6. 16 7 
10. 9 11 
14. 100 15. 


b Multiply by 1, 2, 3, and so on, to find ten multiples of each number. 


17. 4 18. 11 19. 
21. 3 22. 5 23. 
25. 10 26. 6 27. 
29. Determine whether 26 is divisible by 6. 30. 
31. Determine whether 1880 is divisible by 8. 32. 


625; 25 4. 680; 16 
54 8. 48 

. 1 12. 13 
255 16. 120 
20 20. 50 
12 24, 13 
9 28. 14 


Determine whether 48 is divisible by 8. 


Determine whether 4227 is divisible by 3. 


SECTION 2.1 


Factorizations 


91 


33. Determine whether 256 is divisible by 16. 34. Determine whether 102 is divisible by 4. 


35. Determine whether 4227 is divisible by 9. 36. Determine whether 4143 is divisible by 7. 


[e] Determine whether each number is prime, composite, or neither. 


37. 1 38. 2 39. 9 40. 19 


41. 11 42. 27 43. 29 44, 49 


da Find the prime factorization of each number. 


45. 8 46. 16 47. 14 48. 15 49. 42 

50. 32 51. 25 52. 40 53. 50 54. 62 

55. 169 56. 140 57. 100 58. 110 59. 35 

60. 70 61. 72 62. 86 63. 77 64. 99 

65. 2884 66. 484 67. 51 68. 91 69. 1200 

70. 1800 71. 273 72. 675 73. 1122 74. 6435 

SHAUL Maite man ce oii cece ccc ccs ees essesseescesessestcssesscssessesrassusssessesississsesiesressisssseessnssecseeeeeeeeee 
What does the digit 4 mean in each number?  [1.1a] Round 2,428,497 to the nearest: [1.6a] 

75. 134,895 76. 4,682,013 77. Thousand. 78. Ten. 

OMNI RN ccna ohms eo gectertatod ot anSbe tnontn eased delaataeano dt tacettaeesnteien dont atnaetetieneaeenesaseabenaenst) 


79. Factors and Sums. The top number in each column of the table below can be factored as a product of two numbers 
whose sum is the bottom number in the column. For example, in the first column, 56 has been factored as 7-8, and 
7 + 8 = 15. Fill in the blank spaces in the table. 


56 63 36 | 72 140 96 168 110 
ee olnec ence stare acs aliscesaneall adantctena| eatosdaai hanmaayteel gieiaeimtaed shegranale wie - : 
vo ? eo P ee ar el - seule if wis ikelaseia ae r Pr ee ee reece ee : ; ne 
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Divisibility 


Suppose you are asKed to find the simplest fraction notation for 


17 
225° 
Since the numbers are quite large, you might imagine that the task is dif- 


ficult. However, both the numerator and the denominator are divisible by 9. 
If you knew this, you could factor and simplify as follows: 


7 _ 3-13 _ 9 13 13 _ (13 
229! + DDS. Ge DD 25. 25. 


How did we know that both numbers have 9 as a factor? There is a simple 
test for determining this. 

In this section, you learn quick ways to determine whether a number is 
divisible by 2, 3, 4, 5, 6, 8, 9, or 10. This will be very helpful when you are 
simplifying fraction notation. 


(@) RULES FOR DIVISIBILITY 


Add whole numbers.  [1.2a] 
Add. 
il, @ sp Bab Dar Il 


Divisibility by 2 


You may already know the test for divisibility by 2. 


A number is divisible by 2 (is even) if it has a ones digit of 0, 2, 4, 6, or 
8 (that is, it has an even ones digit). 


yon Par 3 ar Oar 2 ar © 
Answers: 1.20 2.18 


Let’s see why this test works. Consider 354, which is 
3 hundreds + 5 tens + 4. 


Hundreds and tens are both multiples of 2. If the last digit is a multiple of 2, 
then the entire number is a multiple of 2. 


EXAMPLES Determine whether each number is divisible by 2. 
1. 355 is not divisible by 2; 5 is not even. 
2. 4786 is divisible by 2; 6 is even. 
3. 8990 is divisible by 2; 0 is even. 
4. 4261 is not divisible by 2; 1 is not even. 


Do Exercises 1-4. > 


OBJECTIVE 
a Determine whether a 
number is divisible by 2, 3, 
4,5, 6, 8,9, or 10. 


Determine whether each number is 


divisible by 2. 

1. 84 2. 59 
3. 998 4, 2225 
Answers 


1. Yes 2. No 3. Yes 4. No 
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Determine whether each number is 
divisible by 3. 


5. 


we 


8. 


111 6. 1111 


309 


17,216 res 


Add the digits: 
ise 7 or se il s+ oO= 
Since 17 divisible by 3, 


is/is not 
the number 17,216 
is/is not 
divisible by 3. 


Determine whether each number 
is divisible by 6. 


9, 420 10. 106 
11. 321 12. 444 
Answers 


5. Yes 6. No 7. Yes 8 No 9% Yes 
10. No 11. No 12. Yes 


Guided Solution: 
8. 2, 17, is not, is not 
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Divisibility by 3 


A number is divisible by 3 if the sum of its digits is divisible by 3. 


Let’s illustrate why the test for divisibility by 3 works. Consider 852; 
since 852 = 3-284, 852 is divisible by 3. 
852 = 8-100 + 5°10 + 2-1 
= 8(99 + 1) + 5(9 + 1) + 2(1) 
= 8:99 + 8-14+5:°94+5-14+2+1 Using the distributive law: 
a(b+c)=a:bt+arc 


Since 99 and 9 are each a multiple of 3, we see that 8-99 and 5-9 are mul- 
tiples of 3. This leaves 8-1 + 5-1+2°1,0r8+5+2.If8+5 + 2, the 
sum of the digits, is divisible by 3, then 852 is divisible by 3. 


EXAMPLES Determine whether each number is divisible by 3. 
5. 18 1+8=9 
6 93 9+3=12 <—— 
7201 2+04+1=3 
8. 256 24+5+6= 13<— 


Each is divisible by 3 because the 
sum of its digits is divisible by 3. 


The sum of the digits, 13, is not divisible 
by 3, so 256 is not divisible by 3. 


< Do Exercises 5-8. 


Divisibility by 6 

A number divisible by 6 is a multiple of 6. But 6 = 2-3, so the number is 
also a multiple of 2 and 3. Since 2 and 3 have no factors in common, we have 
the following. 


A number is divisible by 6 if its ones digit is 0, 2, 4, 6, or 8 (is even) 
and the sum of its digits is divisible by 3. 


EXAMPLES Determine whether each number is divisible by 6. 
9. 720 


Because 720 is even, it is divisible by 2. Also, 7 + 2 + 0 = 9 and 9 is 
divisible by 3, so 720 is divisible by 3. Thus, 720 is divisible by 6. 


720 7+2+0=9 
Even Divisible by 3 
10. 73 
73 is not divisible by 6 because it is not even. 
11. 256 


Although 256 is even, it is not divisible by 6 because the sum of its dig- 
its,2 + 5 + 6, or 13, is not divisible by 3. 


< Do Exercises 9-12. 
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Divisibility by 9 
The test for divisibility by 9 is similar to the test for divisibility by 3. 


BY 9 


A number is divisible by 9 if the sum of its digits is divisible by 9. 


EXAMPLES Determine whether each number is divisible by 9. 
12. 6984 
Because 6 + 9 + 8 + 4 = 27 and 27 is divisible by 9, 6984 is divisible by 9. 


13. 322 
Because 3 + 2 + 2 = 7 and 7 is not divisible by 9, 322 is not divisible by 9. 


Do Exercises 13-16. D> 


Divisibility by 10 


BY 10 


A number is divisible by 10 if its ones digit is 0. 


We know that this test works because the product of 10 and any number 
has a ones digit of 0. 


EXAMPLES Determine whether each number is divisible by 10. 
14. 3440 is divisible by 10 because the ones digit is 0. 
15. 3447 is not divisible by 10 because the ones digit is not 0. 


Do Exercises 17-20. > 


Divisibility by 5 


BY5 


A number is divisible by 5 if its ones digit is 0 or 5. 


EXAMPLES Determine whether each number is divisible by 5. 

16. 220 is divisible by 5 because the ones digit is 0. 

17. 475 is divisible by 5 because the ones digit is 5. 

18. 6514 is not divisible by 5 because the ones digit is neither 0 nor 5. 


Do Exercises 21-24. D> 
Let’s see why the test for 5 works. Consider 7830: 
7830 = 10-783 = 5+2-+783. 
Since 7830 is divisible by 10 and 5 is a factor of 10, 7830 is divisible by 5. 


Determine whether each number is 
divisible by 9. 
13. 16 14. 117 


15. 930 16. 29,223 


Determine whether each number is 
divisible by 10. 


17. 305 18. 847 


19. 300 20. 8760 


Determine whether each number is 
divisible by 5. 


21. 5780 22. 3427 
23. 34,678 24. 7775 
Answers 


13. No 14. Yes 15. No 16. Yes 
17. No 18. No 19. Yes 20. Yes 
21. Yes 22. No 23. No 24. Yes 
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Determine whether each number is 
divisible by 4. 
25. 216 26. 217 


27. 5862 


28. 23,524 


The number named by the last 
two digits is 
Since 24 divisible by 4, 


is/is not 
the number 23,524 
is/is not 
divisible by 4. 


Determine whether each number is 
divisible by 8. 


29. 7564 30. 7864 
31. 17,560 32. 25,716 
Answers 


25. Yes 26. No 27. No 28. Yes 
29. No 30. Yes 31. Yes 32. No 
Guided Solution: 

28. 24; is, is 


Consider 6734: 
6734 = 673 tens + 4. 


Tens are multiples of 5, so the only number that must be checked is the ones 
digit. If the last digit is a multiple of 5, then the entire number is. In this case, 
4 is not a multiple of 5, so 6734 is not divisible by 5. 


Divisibility by 4 
The test for divisibility by 4 is similar to the test for divisibility by 2. 


A number is divisible by 4 if the number named by its last two digits 
is divisible by 4. 


EXAMPLES Determine whether the number is divisible by 4. 
19. 8212 is divisible by 4 because 12 is divisible by 4. 

20. 5216 is divisible by 4 because 16 is divisible by 4. 

21. 8211 is not divisible by 4 because 11 is not divisible by 4. 
22. 7538 is not divisible by 4 because 38 is not divisible by 4. 


«@ Do Exercises 25-28. 


To see why the test for divisibility by 4 works, consider 516: 
516 = 5 hundreds + 16. 


Hundreds are multiples of 4. If the number named by the last two digits is a 
multiple of 4, then the entire number is a multiple of 4. 


Divisibility by 8 
The test for divisibility by 8 is an extension of the tests for divisibility by 2 
and 4. 


A number is divisible by 8 if the number named by its last three digits 
is divisible by 8. 


EXAMPLES Determine whether the number is divisible by 8. 
23. 5648 is divisible by 8 because 648 is divisible by 8. 

24. 96,088 is divisible by 8 because 88 is divisible by 8. 

25. 7324 is not divisible by 8 because 324 is not divisible by 8. 
26. 13,420 is not divisible by 8 because 420 is not divisible by 8. 


< Do Exercises 29-32. 


A Note about Divisibility by 7 

There are several tests for divisibility by 7, but all of them are more compli- 
cated than simply dividing by 7. If you want to test for divisibility by 7, simply 
divide by 7, either by hand or using a calculator. 
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FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


Reading and Concept Check Match the beginning of each divisibility rule with the appropriate ending 
from the list on the right. 


RC1. A number is divisible by 2 if é a) the sum of its digits is divisible by 3 
RC2. A number is divisible by 3 if b) the sum of its digits is divisible by 9 
c) it has an even ones digit 

RC3. A number is divisible by 4 if __. d) its ones digit is 0 or 5 
RC4. A number is divisible by 5 if __. e) its ones digit is 0 
RCS. A number is divisible by 6 if f) it has an even ones digit and the sum of its digits is 

—— divisible by 3 
RC6. A number is divisible by 8 if __. g) the number named by its last two digits is divisible by 4 
RC7. A number is divisible by 9 if h) the number named by its last three digits is divisible by 8 


RC8. A number is divisible by 10 if __. 


fa) For Exercises 1-16, answer yes or no and give a reason based on the tests for divisibility. 


1. Determine whether 84 is divisible by 3. 2. Determine whether 467 is divisible by 9. 

3. Determine whether 5553 is divisible by 5. 4. Determine whether 2004 is divisible by 6. 

5. Determine whether 671,500 is divisible by 10. 6. Determine whether 6120 is divisible by 5. 

7. Determine whether 1773 is divisible by 9. 8. Determine whether 3286 is divisible by 3. 

9. Determine whether 21,687 is divisible by 2. 10. Determine whether 64,091 is divisible by 10. 
11. Determine whether 32,109 is divisible by 6. 12. Determine whether 9840 is divisible by 2. 
13. Determine whether 126,930 is divisible by 4. 14. Determine whether 546,106 is divisible by 8. 
15. Determine whether 796,840 is divisible by 8. 16. Determine whether 298,736 is divisible by 4. 


For Exercises 17-24, test each number for divisibility by 2, 3, 4, 5, 6, 8, 9, and 10. 
17. 6825 18. 12,600 19. 119,117 20. 2916 


21. 127,575 22. 25,088 23. 9360 24. 143,507 
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To answer Exercises 25-32, consider the following numbers. 


56 200 75 35 

324 42 812 402 

784 501 2345 111,111 

55,559 3009 2001 1005 
25. Which of the above are divisible by 3? 26. Which of the above are divisible by 2? 
27. Which of the above are divisible by 5? 28. Which of the above are divisible by 4? 
29. Which of the above are divisible by 8? 30. Which of the above are divisible by 6? 
31. Which of the above are divisible by 10? 32. Which of the above are divisible by 9? 


To answer Exercises 33-40, consider the following numbers. 


305 313,332 876 64,000 

1101 7624 1110 9990 

13,205 111,126 5128 126,111 
33. Which of the above are divisible by 2? 34. Which of the above are divisible by 3? 
35. Which of the above are divisible by 6? 36. Which of the above are divisible by 5? 
37. Which of the above are divisible by 9? 38. Which of the above are divisible by 8? 
39. Which of the above are divisible by 10? 40. Which of the above are divisible by 4? 


SKALL Maite mame onic cccccccccccccccccccecccccccececvsevecseceevesessevssvasavsevesvstssvstvstavssvstvatsvstvstveteveststeeveseees 
Solve. [1.7b] 


41. 56 + x = 194 42. y + 124 = 263 43. 3008 = x + 2134 

44, 18-t = 1008 45. 24-m = 624 46. 338 = a: 26 

Solve. [1.8a] 

47. Marty’s car has a 5-speed transmission and gets 33 mpg 48. There are 60 min in 1 hr. How many minutes are there 
in city driving. How many gallons of gas will it use to in 72 hr? 


travel 1485 mi of city driving? 


EPR TN ec chce ages sera metas va ot ecgescs cea deve ces peaeaeesve  des s ge at ecpeepent se deena: 

Find the prime factorization of each number. Use divisibility tests where applicable. 

49. 7800 50. 2520 51. 2772 52. 1998 

53. Fill in the missing digits of the number 54. A passenger in a taxicab asks for the driver’s company 
95 8 number. The driver says abruptly, “Sure—you can 


have my number. Work it out: If you divide it by 2, 3, 
4,5, or 6, you will get a remainder of 1. If you divide 

it by 11, the remainder will be 0, and no driver has a 
company number that meets these requirements and is 
smaller than this one.” Determine the number. 


so that it is divisible by 99. 
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Fractions and Fraction Notation 


The study of arithmetic begins with the set of whole numbers. But we also 


need to be able to use fractional parts of numbers such as halves, thirds, 


fourths, and so on. Here is an example. 


Households in auto-dependent locations spend about i of their income 
on transportation costs, while location-efficient households (those with easy 
access to public transportation) can hold transportation costs to ia of their 


income. 


Auto-Dependent Households Location-Efficient Households 


. otis 1 : 9 a2 
: Transportation 3 Remaining jo [ransportation jo Remaining 


DATA: U.S. Department of Transportation, Federal Highway Administration 


cs FRACTIONS AND THE REAL WORLD 


Numbers like those above are written in fraction notation. The top number 
is called the numerator and the bottom number is called the denominator. 


EXAMPLE 1 Identify the numerator and the denominator. 


7 <— Numerator 
8 <— Denominator 


Do Exercises 1-3. > 


Let’s look at various situations that involve fractions. 


Fractions as a Partition of an Object Divided 
into Equal Parts 


Consider a candy bar divided into 5 equal sections. If you eat 2 sections, you 
have eaten 2 of the candy bar. The denominator 5 tells us the unit, +. The 


numerator 2 tells us the number of equal parts we are considering, 2. 


SECTION 2.3 


2.3 


OBJECTIVES 


a Identify the numerator and the 
denominator of a fraction, and 
write fraction notation for part 
of an object or part of a set of 
objects and as a ratio. 


b Simplify fraction notation like 
n/nto 1, 0/nto 0, and n/1 ton. 


For each fraction, identify the 
numerator and the denominator. 


1. About 4 of people age 5 and 
older in the United States 
speak a language other than 
English at home. 


Data: 2010 American Community Survey 


2. About Z of the parts on a 
Toyota Camry were produced 
in the United States. 

Data: “Made in America: Which Car 


Creates the Most Jobs?” by David Muir 
and Sharyn Alfonsi, on abcnews.go.com 


3. It is projected that ii of the 
USS. population in 2050 will be 
foreign-born. 


Data: Pew Research Center 


Answers 


1. Numerator: 1; denominator: 5 
2. Numerator: 4; denominator: 5 
3. Numerator: 19; denominator: 100 
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What part is shaded? 
4. 


5. 1 mile 


1 gallon [--====- 


8. What part of an inch is 
indicated? 


Answers 
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EXAMPLE 2. What part is shaded? 


LD 
RAN 


There are 8 equal parts. This tells us the unit, }. The denominator is 8. 
We have 5 of the units shaded. This tells us the numerator, 5. Thus, 


e) <— 5 units are shaded. 
8 <— The unit is é 


is shaded. i) 


EXAMPLE 3 What part is shaded? 


There are 18 equal parts. Thus, the unit is = The denominator is 18. We 
have 7 units shaded. This tells us the numerator, 7. Thus, iz is shaded. 


< Do Exercises 4-7. 
The markings on a ruler use fractions. 


EXAMPLE 4 What part of an inch is indicated? 


16 equal spaces 


Each inch on the ruler shown above is divided into 16 equal parts. The 
marked section extends to the 11th mark. Thus, +2 of an inch is indicated. 


« Do Exercise 8. 


Multiplication and Division 


Fractions greater than or equal to 1, such as 34, “2, and 3, correspond to 


situations like the following. 
EXAMPLE 5 What part is shaded? 


a) 


What part is shaded? 
9. 


The rectangle is divided into 24 equal parts. Thus, the unit is a. The 
denominator is 24. All 24 equal parts are shaded. This tells us that the nu- 
merator is 24. Thus, 5 is shaded. 


aa 
7 ao 


Each rectangle is divided into 6 parts. Thus, the unit is b. The denomina- 
tor is 6. We see that 11 of the equal units are shaded. This tells us that the 
numerator is 11. Thus, % is shaded. BS 


EXAMPLE 6 = Ice-Cream Roll-up Cake. What part of an ice-cream roll- 
up cake is dark brown? pas) 
11. 


3 ice cream roll-up cakes 


2 gallons 


Each gallon is divided into 
equal parts. 


il 
The unit is —. 


Each cake is divided into 6 equal slices. The unit is 4. The denominator There are equal units shaded. 
is 6. We see that 13 of the slices are shaded dark brown. This tells us that the Th ratieenadca— 
numerator is 13. Thus, # is shaded. Se aay ae ces 


Do Exercises 9-11. D 
Fractions larger than or equal to 1, such as e or a are sometimes referred 
to as “improper” fractions. We will not use this terminology because nota- 


tion such as %, ye and 4 is quite “proper” and very common in algebra. 


Fractions as Ratio 


A ratio is a quotient of two quantities. We can express a ratio with fraction 
notation. (We will consider ratios in more detail in Chapter 5.) 


Answers 
15 10 7 
9. 5 10. rs 11. 4 
Guided Solution: 
11. 4, 4, a 
4 
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Equator 


12. What part of the set of coun- 
tries in Example 7 is west of 
Yaounde? 


EXAMPLE 7 Countries of Africa. What part of this group of 
countries is north of the equator? south of the equator? 


Angola Mali 
Botswana Morocco 
Egypt Zambia 
Ethiopia 


There are 7 countries in the set, and 4 of them—Egypt, 
Ethiopia, Mali, and Morocco—are north of the equator. Thus, 4 
of 7, or 5, are north of the equator. The 3 remaining countries are 
south of the equator. Thus, 3 are south of the equator. 


<@ Do Exercise 12. 


EXAMPLE 8 Baseball Standings. The following table shows the final 
standings in the American League Central for 2016, when the Cleveland 
Indians won the division. Find the Indians’ ratio of wins to losses, wins to 
total games, and losses to total games. 

The Indians won 94 games and lost 67 games. 
They played a total of 94 + 67, or 161, games. Thus, 
we have the following. 


CENTRAL W L Pct. Home Road 


ir < . . . 94 
Cleveland Indians | 94 67 584. 53-28 41-39 The ratio of wins to losses is 67 


Detroit Tigers” | 86 75 5347 45-35? 41-40 a 
Kansa@l@ity Royals | les. Pug 500 Yat 34-47 The ratio of wins to total games is 161" 
Chicago White Sox i 84 © ABI 945-36 | 33-48 a 

Minnesota Twins | 59 103 364 30-51 29-52 The ratio of losses to total games is ——. 


161 


DATA: Major League Baseball 


13. Baseball Standings. Refer 
to the table in Example 8. 
The Minnesota Twins finished 
fifth in the American League 
Central 2016. Find the Twins’ 
ratio of wins to losses, of wins 
to total games, and of losses to 
total games. 


Data: Major League Baseball 


Divide whole numbers. 
[1.5a] 


Divide. 
1. 36 + 36 Pe SM) = Il 


Answers: 1.1 2.50 
MyLab Math 
VIDEO 


Answers 


12. = 13. a ; = ; ie 
7 103° 162° 162 


<@ Do Exercise 13. 


(5) SOME FRACTION NOTATION 
FOR WHOLE NUMBERS 


Fraction Notation for 1 


The number 1 corresponds to situations like those —_, 
shown here. If we divide an object into n parts and 


take n of them, we get all of the object (1 whole 2 has 
object). . 


THE NUMBER 1 IN FRACTION NOTATION 


n ; 
—=1, for any whole number n that is not 0. 
n 
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EXAMPLES Simplify. Simplify. 


5 9 23 1 ad 
9 5=1 10. —=1 1. = =1 Saael ba 
5 9 23 1 . 
Do Exercises 14-19. D> 34 100 
16. 34 17. 100 
Fraction Notation for 0 oh a 
Consider the fraction o. This corresponds to dividing an object into 4 parts 18. [= 19. —— 
, 2347 103 
and taking none of them. We get 0. 
THE NUMBER 0 IN FRACTION NOTATION 
0 ; 
rh 0, for any whole number v that is not 0. 
EXAMPLES Simplify. 
0 0 0 
pee ete og =e a ae e Simplify, if possible. 
0 0 
Fraction notation with a denominator of 0, such as n/0, is meaningless 20. 1 21. 8 
because we cannot speak of an object being divided into zero parts. This 
corresponds to division by 0 being not defined. es 0 
* 107 
A DENOMINATOR OF 0 
44 
n © ae esos ioc 
0 is not defined for any whole number n. 
15 0 
Do Exercises 20-25. > aaa oN as 
Other Whole Numbers 
Consider the fraction ¢. This corresponds to taking 4 objects and dividing 
each into | part. (In other words, we do not divide them.) We have 4 objects. 
ANY WHOLE NUMBER IN FRACTION NOTATION 
Any whole number divided by 1 is the whole number. That is, 
n 
eo for any whole number 7. Scaapiity. 
26. : 27. = 
EXAMPLES Simplify. 
2 9 34 346 24 = 4 
15. 5 = 2 16.5 = 9 17. — = 34 28. 5 29. 53 99 
Do Exercises 26-29. D> 
Answers 


14.1 15.1 16.1 17.1 181 
19.1 20.0 21.0 22.0 23.0 
24. Not defined 25. Not defined 
26. 8 27.10 28. 346 29. 23 


Guided Solution: 
23. 0,0 
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Y Check Your Understanding 


FOR 
EXTRA @ MyLab Math 
HELP 


Reading Check Match each expression with the appropriate description or value from the list on the right. 


RC1. The 3 in - RC2. The 4 in “ 
fener) 0 
RC3. The fraction i — RC4. 7 —— 
n n 
RC5. — — RC6. — —— 
0 ee 1 


Concept Check Illustrate each fraction by shading parts of the figure. 


iit 


(Ci, CC2. z 


16 


a Identify the numerator and the denominator. 


11 18 


a NaneS) 


10 


What part of each object or set of objects is shaded? 


7. 8. 
1 
square 
inch 
1 acre 
10. 1 mile 11. 
— 
== 
13. 14, 
1 pie 
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2, =. 3, — 4. — 
. a 5 


12. 


15. 


c) aratio 
d) a denominator 
e) anumerator 
f) not defined 


1 year 
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16. 17. 18. 1 mile 


} 2 miles 
2 gold bars | 


20. 1 foot 21. 


BE 


2 quarts 


‘eee “VIG 
O@O0 ot 


~\\ > *@,0@2@)> 
Cs X AOR | 


What part of an inch is indicated? 


27, == 28. 
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29, S| ee | PN eT ON eT 30. ae 


For each of Exercises 31-34, give fraction notation for the amount of gas (a) in the tank and (b) used from a full tank. 


Reg RL Rtg @ 


35. For the following set of animals, what is the ratio of: 36. For the following set of sports equipment, what is the 
a) puppies to the total number of animals? ratio of: 
b) puppies to kittens? a) basketballs to footballs? 
c) kittens to the total number of animals? b) footballs to basketballs? 
d) kittens to puppies? c) basketballs to the total number of balls? 


d) total number of balls to basketballs? 


6 
4 
: eo 
- a 
ra 
37. Bryce delivers car parts to auto service centers. On 38. Gas Mileage. A Volkswagen Passat TDI® SE will 

Thursday he had 15 deliveries scheduled. By noon he travel 473 mi on 11 gal of gasoline in highway driving. 
had delivered only 4 orders. What is the ratio of: What is the ratio of: 
a) orders delivered to total number of orders? a) miles driven to gasoline used? 
b) orders delivered to orders not delivered? b) gasoline used to miles driven? 


: 2 
c) orders not delivered to total number of orders? fataeswcen 
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For Exercises 39 and 40, use the following bar graph, which shows the number of police officers per 10,000 residents in each 
of twelve cities. 


39. What is the ratio of police officers to 10,000 residents 
in the given city? 


a) Washington, DC b) St. Louis, Missouri 
c) Hartford, Connecticut d) Honolulu, Hawaii 
e) Flagstaff, Arizona f) Rochester, Minnesota 


40. What is the ratio of police officers to 10,000 residents 
in the given city? 
a) New York, New York _ b) San Francisco, California 
c) Houston, Texas d) Boca Raton, Florida 
e) Fort Collins, Colorado f) Eugene, Oregon 


*AJl amounts are rounded to the nearest whole number. 
DATA: governing.com, “Governing calculations of 2015 FBI UCR data” 


For Exercises 41 and 42, use the following set of states, as illustrated in the map. 


Alabama Illinois South Dakota Wisconsin 


Arkansas Nebraska West Virginia 


41. What part of this group of states is east of the 
Mississippi River? 


42. What part of this group of states is north of Nashville, 


Tennessee? 
Mississippi River 

b Simplify. 

0 8 8-1 16 
43. — 44, — 45. 46. — 
: 8 8 9-8 1 

20 20 45 11-= 1 

ie 48. —— oe s 

a 20 : 1 = 45 = 10-9 
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0 238 238 


SL Sag 52, 53. ag 54. 7 
55, > 56. 2° 57, °! 5s, 2° 
"3 * 56 ” ST * 98 
so Gi: 2 fie a2" 
" 18 * 18 "4 "1247 
729 1317 5 13 
63. “60 64. 0. 65. 626 66. 10 — 10 
SHINE PAU ica scesscsseciacesatzesccaccrexencSpcascuepesessslessnadeedeeig ebssiei edt ntep tice hasan perasaesedo,teunemasdeie aetna eteeivien 
Add. [1.2a] Subtract. [1.3a] 
67. 57,877 68. 8004 6. 9060 7. 7800 
+ 32,406 6789 -4387 2462 
7720 
+6851 
Multiply. [1.4a] Divide. [1.5a] 
1. «#217 2 %538 73.9)27,009 74.35) 7148 
x 30 e 27 
MVR RNES SN cite corn seen faba pn wth ak Sol b g ceed Peete eed tage esto tcetpe masa 


What part of each object is shaded? 


" = " — " " 


Shade or mark each figure to show 3, 


“WOOO “OU 
OO000 


81. 82. 
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Multiplication and Applications 


Bi MULTIPLICATION USING FRACTION NOTATION 


Multiply whole numbers. 
Multiply. 
1. 24-17 


MyLab Math 
VIDEO 


Let’s visualize the product of two fractions. We consider the multiplication 


[1.4a] 


2. 5(13) 
Answers: 1.408 2.65 


This is equivalent to finding 3 of 3. We first consider an object and take 3 of 
it. We divide the object into 4 equal parts using vertical lines and take 3 of 
them. That is shown by the shading below. 


4 


Next, we take 2 of the shaded area. We divide the entire object into 5 equal 
parts using horizontal lines and take 3 of them. That is shown by the darker 
shading below. 


vo 
BIW 


The entire object has now been divided into 20 parts, and we have shaded 9 
of them twice. Thus we see that 2 of j is 4, or 


The figure above shows a rectangular array inside a rectangular array. The 
number of pieces in the entire array is 5-4 (the product of the denomina- 
tors). The number of pieces shaded a second time is 3+3 (the product of 
the numerators). The product is represented by 9 pieces out of a set of 20, 


SECTION 2.4 


2.4 


OBJECTIVES 
a Multiply a fraction bya 
fraction, and multiply a 

fraction by a whole number. 


Db Solve applied problems 
involving multiplication 
of fractions. 


1. Draw a diagram like the one at 
left to show the multiplication 
2 


3 


Re 
= 


Answer 


"AE 
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3 
Te. 211 
8 
Answers 


4. 


7. 


CHAPTER 2 


or 3, which is the product of the numerators over the product of the 
denominators. This leads us to a statement of the procedure for multiplying 
a fraction by a fraction. 


< Do Exercise 1 on the preceding page. 


We find a product such as +3 as follows. 


To multiply a fraction by a fraction, 


I 
a) multiply the numerators 
to get the new numerator, and 


b) multiply the denominators to ES 


get the new denominator. 


EXAMPLES Multiply. 


1 Dd OD _ 3d 
q “6 4 6X4 ~= 24 
J 4 Skip writing this step whenever you can. 
> 3.7 3:7 21 
"5 8 5:8 40 
5 4 20 
1 a 
4. ja 3 3 9 
ce 
“43 12 
@ Do Exercises 2-5. 
Multiplication by a Whole Number 
When multiplying a fraction by a whole number, we first express the whole 
res number in fraction notation. We find a product such as 6 «2 as follows: 
4 64 6 
a 1S a | 
0 Multiplyi 
15 ultiplying 
a 
5 


EXAMPLES Multiply. 


3 5 3 =#5x3 #15 
§.5 xX —= = = 

8 1 8 1x8 8 
6 2 B 213 2:13 26 
7 7 1 7e1 7 


< Do Exercises 6 and 7. 


Fraction Notation: Multiplication and Division 


b APPLICATIONS AND PROBLEM SOLVING 


Many problems that can be solved by multiplying fractions can be thought of 
in terms of rectangular arrays. 


EXAMPLE 7 A real estate developer owns a plot of land and plans to use ? 
of the plot for a small strip mall and parking lot. Of this, will be needed for 
the parking lot. What part of the plot will be used for parking? 


1. Familiarize. We first make a drawing to help familiarize ourselves with 
the problem. The land may not be rectangular, but we can think of it as a 
rectangle. The strip mall, including the parking lot, uses $ of the plot. We 
shade t as shown on the left below. The parking lot alone uses $ of the 
part we just shaded. We shade that as shown on the right below. 


2. Translate. We let n = the part of the plot that is used for parking. We 
are taking “two-thirds of four-fifths.” The word “of” corresponds to 
multiplication. Thus, the following multiplication sentence corresponds 
to the situation: 


3. Solve. The number sentence tells us what to do. We multiply: 
24 2:4 8 
5° 85. ay 


8 
Thus, 15 n. 

4. Check. We can do a partial check by noting that the answer is a 
fraction less than 1, which we expect since the developer is using 
only part of the original plot of land. Thus, x is a reasonable 
answer. We can also check this in the figure above, where we see 
that 8 of 15 parts represent the parking lot. 


5. State. The parking lot takes up 4 of the plot of land. 


Do Exercise 8. > 


SECTION 2.4 


8. A developer plans to set aside 
3 of the land in a housing 
development as open 
(undeveloped) space. Of this, 
5 will be green (natural) space. 
What part of the land will be 
green space? 
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9. Area of a Ceramic Tile. The 
length of a rectangular ceramic 
tile inlaid on a countertop is 
5 ft. The width is 5 ft. What is 
the area of the tile? 


10. Of the students at Overton 
Junior College, } participate 
in sports and 3 of these play 
football. What fractional part 
of the students play football? 


Answers 


a 3 
ot a0, 


EXAMPLE 8 Area of a Cranberry Bog. The length of a rectan- 
gular cranberry bog is ie mi. The width is } mi. What is the area of 
the bog? 


1. Familiarize. Recall that area is length times width. We let A = the 
area of the cranberry bog. 


2. Translate. Next, we translate: 
Area is Length times Width 
9 3 
A = — x =, 
16 8 
3. Solve. The sentence tells us what to do. We multiply: 
9 3 93 27 


168 16-8 128° 


A — 
4. Check. We check by repeating the calculation. This is left to the 


student. 
5. State. The area is 54 square mile (mi”). 


< Do Exercise 9. 
EXAMPLE 9 A recipe for oatmeal chocolate chip cookies calls for } cup 


of brown sugar. Monica is making 5 of the recipe. How much brown sugar 
should she use? 


1. Familiarize. We first make a drawing or at least visualize the situation. 
We let n = the amount of brown sugar that Monica should use. 


] : . 3 coud F 
7 cup in the recipe 3° 7 cup in ; the recipe 


2. Translate. We are finding 5 of 3, so the multiplication sentence 5-7 = n 
corresponds to the situation. 


3. Solve. We carry out the multiplication: 


L213 _3 
24 2°4 8 
Thus, = = 7. 


4. Check. We check by repeating the calculation. This is left to the student. 
5. State. Monica should use 3 cup of brown sugar. 


<@ Do Exercise 10. 
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FOR 
EXTRA @ MyLab Math 
oF HELP 


v Check Your Understanding 
Reading Check Determine whether each statement is true or false. 


RC1. When we multiply two fractions, the new numerator is the product of the numerators 
in the two fractions. 


RC2. The whole number 6 can be written °. 


RC3. The product of two fractions can be smaller than either of the two fractions. 


Concept Check Draw a diagram to show the multiplication. 


CCl. +5 CC2. rz 
a Multiply. 
i: 2-5 2 +3 3. 10-— 4 9.2 5 . i 
6 a5 1. 5X3 8. x= 9, 5-2 10, +2 
1. - 3 12. > 13 x 14. as 15. 17 x2 
16. ; 40 17. - a 18. eT 19. = 20. 23 
a. 22 a2 8, Fe 24. 4x = 25 <a 
26, Set a7, 5.2 ek a ee 
4 5 3. 9 3. 10 15 19 13 13 
31. 3-5 32. 5-5 33, 4 34, =-3 


SECTION 2.4 Multiplication and Applications 


113 


b Solve. 


35. Hair Bows. It takes 3 yd of ribbon to make a hair 36. A gasoline can holds 3 gal. How much will the can hold 
bow. How much ribbon is needed to make 8 bows? when it is 5 full? 

37. Women’s Basketball: High School to Pro. One of 38. Men’s Soccer: High School to Pro. One of 18 boys 
26 girls who play high school basketball also play col- who play high school soccer also play college soccer. 
lege basketball. One of 474 women who play college One of 330 men who play college soccer also play 
basketball also play professional basketball. What professional soccer. What fractional part of male high 
fractional part of female high school basketball players school soccer players play professional soccer? 


play professional basketball? 


Data: NCAA, March 10, 2017 


Data: NCAA, March 10, 2017 


39. Slices of Pizza. One slice of a pizza is 7 of the pizza. 40. Tossed Salad. The recipe for a tossed salad calls 
How much of the pizza is 5 slice? for 3 cup of sliced almonds. How much is needed to 
make 3 of the recipe? 


41. Floor Tiling. The floor of a room is being covered 42. A rectangular table top measures ¢m long by 2m wide. 
with tile. An area 3 of the length and } of the width is What is its area? 
covered. What fraction of the floor has been tiled? 


SKALL Maite mame oii ccccccccecccceccecceccecccceeccecveceevecesesevetevesvstsvssvesvseisveseevsevstvavsvssvetsvitvetveveveseevees 


43. Write exponential notation: 4-4:4-4-4. [1.9a| 44, Evaluate: 2*. [1.9b] 

Simplify. [1.9c] 

45. 8-12 — (63 + 9 + 13-3) 46). 110 = 38 41 A= 1045 

EM INRRNE SN ecco ces es ccd set teagan choc tetanch bete ven addades sneakers dee ecboesr ian 


Multiply. Write the answer using fraction notation. 
341 209 a7 2\7 1 ie 
47. } —--=— . a F rae f Pao: 
& 517 349 ” a (Z) u (2) (Z) _ &(;) 5) 
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Simplifying 


(@) MULTIPLYING BY 1 


Recall the following: 


1 2 3 +4 =#10 +45 = =«+100 =n 
1 2 3 4 10 45 100 n 


7 6hCU 
1 . 
2 


The multiplicative identity states that for any number a, 1-a=a-l = a. 
Since any nonzero number divided by itself is 1, we can state the multiplica- 
tive identity using fraction notation. 


iL 


ua|vo 
ala 


MULTIPLICATIVE IDENTITY FOR FRACTIONS 


When we multiply a number by 1, we get the same number: 


n 
a=a'l=a:'—-=a. 
n 


For example, 2 = 3-1 = 2-4 = 3. Since 2 = 36, we say that 2 and 34 are 


equivalent fractions. 


Do Exercises 1-4. > 


Suppose we want to find another name for 3, one that has a denominator 
of 9. We can multiply by 1 to find equivalent fractions. Since 9 = 3-3, we 
choose 3 for 1 in order to get a denominator of 9: 

2 2 23 253 6 
3° (C3 a3 2-3 D 


OBJECTIVES 

@@) Multiply a number by 1 to 
find fraction notation with a 
specified denominator. 


b Simplify fraction notation. 


@ Use the test for equality to 
determine whether two 
fractions name the same 

number. 


Multiply 
1 8 3 10 
i airs 25 
2 8 5 10 
13 4 8 25 
a5 a a 8 25 
Answers 
1 8 2 30 3 52 4 200 


“16 “50 ~° 100 ~ 75 
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Find another name for each EXAMPLE 1 Find a name for 3 with a denominator of 35. 
number, but with the denominator 


i = i 7. 
indicated. Use multiplying by 1. Since 5-7 = 35, we multiply by 7: 
2 27 #27 214 


ee res 5 57 5*7 35° 
“A= as 


We say that 2 and # represent the same number. They are equivalent. ® 


EXAMPLE 2 Find a name for } with a denominator of 24. 
= Since 4-6 = 24, we multiply by 8: 

1_16_1:6_ 6 
= 4. 46 46 24 


The numbers } and ¥ are equivalent. 
1 2 9 9 < Do Exercises 5-8. 


Db SIMPLIFYING FRACTION NOTATION 


Find the prime factorization of a composite number. {2.1d] 
Find the prime factorization. 
1. 84 2. 2250 


Answers: 1. 2°2°3-7 2. 2:3:3:5:5:5 
MyLab Math 
VIDEO 


All of the following are names for three-fourths: 


3 6 9 12 15 
4’ 8 12’ 16’ 20° 


We say that 3 is simplest because it has the smallest numerator and the 
smallest denominator. That is, the numerator and the denominator have no 
common factor other than 1. 

To simplify, we reverse the process of multiplying by 1: 


12 _ 2+6<—Factoring the numerator 


18 3°6<— Factoring the denominator 


‘= Factoring the fraction 


6 
6 
il 6 


Simplify. 3) 3 
pee Removing a factor of 1: =+1 = = 


| es 10. — a 
EXAMPLES Simplify. 
g. 24 24.9.2 
“20 S94 5 4° 5 5 


ie a 
Answers ‘6 33 33 3 3 
20 4 90 9 1 


“15 & 28 ” 100° 45 ~'° 4 «@ Do Exercises 9-12. 


4 > 3 
10. 3 11. 6 12. 16 


Guided Solution: 
5 

5. =, 20 
5° 


WIN WIN WwW) 


116 © CHAPTER2 — Fraction Notation: Multiplication and Division 


The use of prime factorizations can be helpful for simplifying when 
numerators and/or denominators are large numbers. 


EXAMPLE 5 Simplify: ~ 


90 2+3+3+5 Factoring the numerator and the 
BA Bsa KF denominator into primes 
_ PRE gee ae) Changing the order so that like primes Simplify. 
2-3°-2-7 are above and below each other 35 4 
23.365 13. 40 14. Th 
= > + Factoring the fraction 
23 287 
355 pcs) 75 35+ 
= 3 {-2— 6. == 
2°7 2 ai) oie 
3:5 R inp f £4 — 2528 
= 27 7 emoving factors o en) 
15 ae | 
14 @ g 5 @ 
5 
= jogos 
The tests for divisibility are very helpful in simplifying fraction notation. 2 
We could have shortened the preceding example had we noted that 6 is a 
factor of both the numerator and the denominator. Then we would have =~ 
90 6°15 6 15 15 
84 6:14 614 14 
ws 16 599 1 560 
EXAMPLE 6 Simplify: ——. 
207 1332 
At first glance this looks difficult. But, using the test for divisibility by 18. 2880 
9 (sum of digits is divisible by 9), we find that both the numerator and the 
denominator are divisible by 9. Thus, we write both numbers with a factor 19. Simplify each fraction in this 
of 9: circle graph. 
603 9-67 9 : 67 67 Factors Used to Calculate FICO Scores 
207 9-23 9 23 23° (a) New credit 
a ee 
660 ae istory 
EXAMPLE 7 Simplify: a0 oa 7 \ * 
100 
Using the tests for divisibility, we have ES 
Length 
660 10-66 10 66 66 Both 660 and 1140 are ee 
= = . = Sah 1stor 
1140 10-114 «10 114 «114 _—_— divisible by 10. 1s 
6-11 6 11 1 Both 66 and 114 are . 
aie & 1 1S divisible by 6. ae owed 
Do Exercises 13-19. > DATA: Experian ” 
Answers 
13 i 14. z 15. 16 17 2 
8 7 24 
18. 37 19. 35 7 30 3 
80 100 = 20 100 = 10 


15 3. 10 1 10 1 
100 20°100 10°100 10 
Guided Solution: 


15.. 5,:5;-5, 1, a 
2 
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Simplifying Fraction Notation 
Fraction calculators are equipped 
with a key, often labeled |a¥/,|, 
that allows fractions to be 
entered. To simplify 


208 
256 


with a fraction calculator, we enter 
the fraction and press |=]. The 


display 


13_116 


appears, representing the simpli- 
fied fraction notation 3. 
EXERCISES: Use a fraction 
calculator to simplify each of the 
following. 

84 35 

90 > 40 
690 4 

* 835 * 150 


1. 


Canceling 


Canceling is a shortcut that you may have used for removing a factor of 1 
when working with fraction notation. With great concern, we mention it as 
a possibility for speeding up your work. Canceling may be done only when 
removing common factors in numerators and denominators. Each such pair 
allows us to remove a factor of 1 in a fraction. 

Our concern is that canceling be done with care and understanding. In 
effect, slashes are used to indicate factors of 1 that have been removed. For 
instance, Example 5 might have been done faster as follows: 


90 2°3-3°5 ; 
ee ee ee Factoring the numerator and the denominator 
84 2°2°3°7 
2835 When a factor of 1 is a 
228-7 it is canceled as shown: 5°3 =i: 
ee fis] 
7 14 


salitapaieisPasetsvals hake hs:s arasstavajsiatavarate sinjetste wiatpertemsrns Caution! a as Shavandcbseassigral ceca dhatanti(efateia’ apeavale wavaiatsropavars traits 


The difficulty with canceling is that it is often applied incorrectly in situ- 
ations like the following: 


Zz+3 A+1 1 yo 
2 , A+2 2 544 
Wrong! Wrong! Wrong! 


The correct answers are 


2+3_ 5 4+1 5 15 3:5 35 5 


2 2’ 4+2 6° 54 3:18 3 18 18 


In each situation, the number canceled was not a factor of 1. Factors are 
parts of products. For example, in 2-3, 2 and 3 are factors, but in 2 + 3, 
2 and 3 are not factors. Canceling may not be done when sums or differ- 
ences are in numerators or denominators, as shown here. If you cannot 
factor, you cannot cancel! If in doubt, do not cancel! 


(©) ATEST FOR EQUALITY 


When denominators are the same, we say that fractions have a common 
denominator. When fractions have a common denominator, we can compare 
them by comparing numerators. Suppose we want to compare 2 and . First, 
we find a common denominator. To do this, we multiply each fraction by 1, 
using the denominator of the other fraction to form the symbol for 1. We 
multiply 2 by $ and by &: 


— : Soe ee. Multiplying by : 
6 64 6:4 = 24’ 4 
Bike . ooo = Multiplying by : 
4 46 4:6 24 6 


Once we have a common denominator, 24, we compare the numerators. And 
since these numerators are both 12, the fractions are equal: 

3 2 

6 4 
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Note in the preceding that if 


2 = z then 3°4 = 6:2. 

6 64 
This tells us that we need to check only the products 3 - 4 and 6-2 to compare 
the fractions. 


A TEST FOR EQUALITY 


Two fractions are equal if their cross products are equal. 


We multiply these two We multiply these two 
numbers: 3-4. numbers: 6° 2. 


We call 3-4 and 6-2 cross products. Since the cross products are the 
same —that is, 3:4 = 6:2—we know that 


If asentence a = bis true, it means that a and b name the same number. 
If a sentence a ¥ b (read “a is not equal to b”) is true, it means that a and b 
do not name the same number. 


EXAMPLE 8 Use = or ¥ for [1 to write a true sentence: 


6,7 

7. 8 
We multiply these two We multiply these two 
numbers: 6°8 = 48. numbers: 7:7 = 49. 


Because 48 4 49, § and { do not name the same number. Thus, 


6 7 
~ AS e 
77 8 


EXAMPLE 9 Use = or * for [ to write a true sentence: 


6 _3 
10 L] 5 
We multiply these two We multiply these two 
numbers: 6°5 = 30. numbers: 10°3 = 30. 
OQ = 3 
1015 


Because the cross products are the same, we have 


63 


10 5 
Do Exercises 20 and 21. > 


Use = or # for LJ to write a true 


sentence. 


20. = 


pes) 21. 


Wilh 
— 
is 


Da ie 
i 4 49. =] —. 
Since 40 # 42, 3 20 


Answers 
20. = 21. 4 


Guided Solution: 
21. 20,14, 4 
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FOR 
EXTRA @ MyLab Math 
HELP 


VY Check Your Understanding 


Reading Check Complete each statement with the appropriate word from the following list. 


common Cross equivalent simplify 
RC1. fractions name the same number. 
RC2. To a fraction, we find a fraction that names the same number and that 


has a numerator and a denominator with no common factor. 


2 4 
RC3. The fractions 7 and 7 have a denominator. 
RC4. Two fractions are equal if their products are equal. 


Concept Check Determine if the fractions are equivalent. 


12 6 S 13 V2 
Cc. 7 11 CC2. 313 C3: 7 
4 16 il 7 7 28 
CC4. 027 CCS. 5°35 CCé. 6°24 


a Find another name for the given number, but with the denominator indicated. Use multiplying by 1. 
1 1 i? 1 ? 5 2 2 ? 
a 1G 6 18 sae) "9° 18 
9 ? 5 ? B) ? 5 ? 
* 70 ~ 30 © 6 48 oo a "3° 45 
17 ? 11 ? 7 ? 10 ? 
9 — = . —— = > ll. — = 12. — = —— 
18 54 : 16 256 22. = 132 21 126 
D  simplity. 
2 4 6 8 3 
13. ri 14. Fi 15. . 16. 1D 17. 15 
8 24 36 18 42 
18. 10 19. = 20. 9 21. 4 22. 48 
23 24 2 25 oe 26 uo 27 J 
* 16 * 25 * 10 * 14 * 48 
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100 150 19 17 425 
28. — SS . = > —— 
° 20 ao 25 ie 76 ” 51 - 525 
33 540 34 1000 35 210 36 300 
* 810 * 1080 * 2700 * 2250 
fe Use = or ¥ for L] to write a true sentence. 
3 9 4_ 3 1_2 1_2 
37. GU 38. SUE 39. 55 40. 705 
12_ 8 2 6 2.3 ict 
41. —LJ— 42. —-LJ — 43. -LIJ= be 
9 Ui 6 6 UW 18 5 UW 7 a 3 U 4 
S207 3 7 3 30 700 70 
se el 46. —LI— 47. —-L|-—— ieaeerepcad Ol larvae 
= 2 Ul 7 10 UW 24 10 ~~ 100 1000 ~ 100 


The following circle graph shows preferences concerning taco fillings. For Exercises 49-52, simplify the fraction associated 
with the reference. 


Taco Filling Preferences 49. Chicken filling 


16, 
Chicken 106 


Pork 43 


100 
Fish 55 50. Veggie filling 
Veggie ee 
51. Beef filling 
Beef i‘ 52. Pork filling 


DATA: Food Network Magazine, May 2017 


SKILL Maite manne oii cccccccccccccccccceccccsecevscvevecsevscsevevsevevsevevssievstisvavssvevsevevsssevstievavievevsevevitesvitveveveees 


Use < or > for LJ to write a true sentence. [1.6c] 


53. 0L 23 54. 34] 43 55. 124] 98 56. 999 [] 1001 
Solve. [1.7b] 
57. 5280 = 1760 + t 58. 10,947 = 123-y 59. 8797 = y + 2299 60. x-74 = 6290 
ATU ING US aceasta nn ett bch a eaces ec cae caas gtsteotas yd tarts csc ve seep ctasasp ten sasoutaces mnsos asceanloneteaaonn aedeeen 
61. On a test of 82 questions, a student got 63 correct. 62. Baseball Batting Averages. For the 2016 season, 
On another test of 100 questions, she got 77 correct. José Altuve, of the Houston Astros, won the American 
Did she get the same portion of each test correct? Why League batting title with 216 hits in 640 times at bat. 
or why not? DJ LeMahieu, of the Colorado Rockies, won the 


National League title with 192 hits in 552 times at bat. 
Did they have the same fraction for hits per times at 
bat (batting average)? Why or why not? 


Data: Major League Baseball 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. A number a is divisible by another number b if b is a factor of a. [2.1b] 


2. If a number is not divisible by 6, then it is not divisible by 3. [2.2d] 
_.. 13, >. 13 
3. The fraction 7 is larger than the fraction 6. [2.5c] 


4. The number 1 is not prime. [2.1c] 


Guided Solutions 


® Fill in each blank with the number that creates a correct statement or solution. 


2 8 
see op] 6. —— = 0) (2-35) 7, = 8) 235) 


9. Simplify: oe [2.5b] 


WO Zee? Factoring the numerator 
aes) 0305 Factoring the denominator 
= 2. 3 : u 5 Factoring the fraction 

5 
— . ——_. -= 1 
45 3 


———— Removing a factor of 1 


Mixed Review 


To answer Exercises 10-14, consider the following numbers. [2.2a] 


84 132 594 350 
300 500 120 14,850 
17,576 180 1125 504 
224 351 495 1632 


10. Which of the above are divisible by 2 but not by 10? 
11. Which of the above are divisible by 4 but not by 8? 
12. Which of the above are divisible by 4 but not by 6? 
13. Which of the above are divisible by 3 but not by 9? 


14. Which of the above are divisible by 4, 5, and 6? 
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Determine whether each number is prime, composite, or neither. 


15. 61 16. 2 


[2.1¢] 
i, Sh 18. 1 


Find all the factors of each composite number. Then find the prime factorization of the number. [2.la], [2.1d] 


19. 160 20. 222 


What part of each object or set of objects is shaded? [2.3a] 


23. 


Multiply. [2.4a] 


5 ae 
oS) Gee 

Simplify. [2.3b], [2.5b] 

ee a9, 220 
" 60 * “60 

a, 2 spy Se 
" 23 * 186 

aap gsc 
" 630 "435 


Use = or # for 


op A 
* = Ta 


to write a true sentence. [2.5c| 


39. College Acceptance. For the 2016-2017 school 
year, Stanford University topped the list of schools 
receiving the highest number of applications, with 


43,997. For every 25 applications, only 6 students were 
accepted. What was the ratio of students accepted to 


applications received? [2.3a| 


Data: Stanford University 


Understanding Through Discussion and Writing 


41. Explain a method for finding a composite number 
that contains exactly two factors other than itself 
and1. [2.1c] 


43. Explain in your own words when it is possible to can- 


cel and when it is not possible to cancel. [2.5b] 


21. 


24. 


38. 


98 22. 315 


[| | Ss 


5 
2a, =r) 


305 = 


dbh Se 


iy = 


19 95 
18 


40. Area of an Ice-Skating Rink. The length of 


42. 


44. 


a rectangular ice-skating rink in the atrium of 
a shopping mall is im mi. The width is ii mi. 
What is the area of the rink? [2.4b] 


Which of the years from 2000 to 2020, if any, also 
happen to be prime numbers? Explain at least 
two ways in which you might go about solving this 
problem. [2.2a] 


Can fraction notation be simplified if the numerator 
and the denominator are two different prime num- 
bers? Why or why not? [2.5b] 
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STUDYING FOR SUCCESS A Valuable Resource—Your Instructor 


{} Don’t be afraid to ask questions in class. Other students probably have the same questions you do. 
{-] Visit your instructor during office hours if you need additional help. 
{-} Many instructors welcome e-mails from students who have questions. 


Multiplying, Simplifying, 


and Applications 


OBJECTIVES 


a Multiply and simplify using 
fraction notation. 


b Solve applied problems 
involving multiplication of 
fractions. 


fl MULTIPLYING AND SIMPLIFYING 
USING FRACTION NOTATION 


It is often possible to simplify after we multiply. To make such simplifying 
easier, it is usually best not to carry out the products in the numerator and 
the denominator immediately, but to factor and simplify first. Consider the 
product 


We proceed as follows: 
Determine whether a num- 3.4 _ 3:4 We write the products in the numerator 


ber is divisible by 2, 3, 4, 5, 8 9 8-9 and the denominator, but we do not carry 
6,8, 9, or 10. [2.2a] them out. 
Determine whether each number = ae Factoring the numerator and the 
is divisible by 9.  62+2 +33 denominator 
Te ty 2 _ ode 21 Using the identity property of 1 to insert 
Answers: 1. Yes 2. No + +2 +33 the number 1 as a factor 
MyLab Math 
4:22 1 
= aoe 55 Factoring the fraction 
1 
= 1 .—_ 
23 
: R i factor of 1 
= emoving a factor 
aa ga fe) 
a 
6 


The procedure could have been shortened had we noticed that 4 is a factor 
of the 8 in the denominator: 

34 3:4 3:4 (3:4 1 1 1 1 
89 8:9 4:2+3-3 3-4 2:3 2:30 2:3 ; 


To multiply and simplify: 

a) Write the products in the numerator and the denominator, but do 
not carry them out. 

b) Factor the numerator and the denominator. 

c) Factor the fraction to remove a factor of 1, if possible. 

d) Carry out the remaining products. 
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EXAMPLES Multiply and simplify. 


1 229° 29 25353 2S 34 3. 3 
“3.4 3-4 3+2-2 2-32 z 3@ 
5 Gs 655 _. 32255 3 2°5 | 225 273 10 
“YS ° Fs3 7°3 a 7. 7 7 | 
40 7 40-7 85:7 8 5:7 5°7 5:7 
okie 18 1-8 Te ei fq 1 
= 35 a) 
TeTePeCe eee ree ee eee ee eee eee ee ee ee Caution! Serer rere er ere ee ee ee ee ee ee es 
Canceling can be used as follows for these examples. 
1 29 299 7 ' 23 3 Removing a factor of 1: 
“eA” jad DO 2*3 _ 
25 
> 65 6:5 3:2*5 2:5 10 Removing a factor of 1: 
“7 3 TS e  P  T mis y 
3 
7 40:7 8-5-7 5:7 Removing a factor of 1: 
. 40°--= a = = 35 
= ee ee a —_ 
8 


Remember: If you can’t factor, you can’t cancel! 


Do Exercises 1-4. > 


Db APPLICATIONS AND PROBLEM SOLVING 


EXAMPLE 4 Landscaping. Celina’s Landscaping uses lb of peat moss 
when planting a rosebush. How much will be needed to plant 21 rosebushes? 


1. Familiarize. We let n = the number of pounds of peat moss needed. 
Each rosebush requires ¢ lb of peat moss, so repeated addition, or mul- 
tiplication, applies. 

2. Translate. The problem translates to the following equation: 


Sie" 
n rt 
3. Solve. To solve the equation, we carry out the multiplication: 
1 2 212 ~ 21-2 Multinivi 
n 3 4 is ultiplying 
3+7-2 3 7:2 
ia = f°" 


4. Check. We check by repeating the calculation. (This is left to the stu- 
dent.) We can also ask if the answer seems reasonable. We are putting 
less than a pound of peat moss on each bush, so the answer should be 
less than 21. Since 14 is less than 21, we have a partial check. The number 
14 checks. 


5. State. Celina’s Landscaping will need 14 Ib of peat moss to plant 21 
rosebushes. 


Do Exercise 5. > 


Multiply and simplify. 


S287 
=> 
eee 
~ 359030 

i area) 
feo 
= fi 
eS amalle 3 -e 
meals 
4 5 E, 
Baan 3. 16-5 
5 
4.574 


5. Candy. Chocolate Delight 
sells ¢-Ib boxes of truffles. How 


many pounds of truffles will be 
needed to fill 85 boxes? 


85 boxes 


YY 


; pound of truffles 
in each box 


Answers 


7 1 5 
1.55 23 3. 6 4.5 5. 68 Ib 
Guided Solution: 
25:8,2,2..012 
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FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Complete each step in the process for multiplying and simplifying using fraction notation. 


RC1. a) Write the in the numerator and the denominator, but do not carry them out. 
RC2. b) the numerator and the denominator. 

RC3. c) Factor the fraction to remove a factor of _________, if possible. 

RC4. d) the remaining products. 


Concept Check Multiply and simplify by canceling and removing factors of 1. Indicate factors of 1 with slashes. 


1 OS Pas Pe ore ys 
"80 3 2+2+2+2+5+3 "77 210 7+11+2+3+5+7 


a Multiply and simplify. Don’t forget to simplify! 


CCc1 


Pea Pace Pee pod 
ee a) "8 3 “8 7 “9 4 
5 1.4 god aig 3 41 
: 5 "5 6 3 6 6 

12 9 16 5 10 7 25 4 

9. se 10. 15 4 11. 9 5 12. 23 

1 1 1 1 
13. ar) 14. eae 15. 33 16. ras 
7 10 8 9 75 2 11 
17. 10 7 18. 9 8 19. 5 7 20. Th 2 
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21. 


25. 


29. 


33. 


37. 


41. 


b Solve. 


Construction. 


i 
=.8 
4 


12: 


35-— 


—+ 360 


1 1 1 
22. =-18 23. 24-— 24. 16-— 
3 2 6 2 
5 3 2 
26. 18-— 27, —+24 28. —-36 
6 Z ; 8 5 3 
1 7 5 
. 15+— 1. —-+28 = 
30. 15 Z 3 a 32 7 34 
1 1 1 
34. —- 120 35. 240-— 36. 150-— 
3 8 5 
se: tS sg, ge, 
“10 150 "10 100 “10 10 
n> wp, 2.3 “a 
"22 7 “21 4 "18 5 


The pitch of a screw is the distance between its threads. With each complete rotation, the screw goes in or 


out a distance equal to its pitch. Use this information to do Exercises 45 and 46. 


< 


> Each rotation moves the screw 
ta 


-t. 
a 
= 
a }Pitch =% in. => in or out 7 in. 
a 
as. 
et 
et 
y 
45. The pitch of a screw is i in. How far will it go into a 46. The pitch of a screw is 4 in. How far will it come out 
piece of oak when it is turned 10 complete rotations of a piece of plywood when it is turned 10 complete 


clockwise? 


rotations counterclockwise? 
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47. 


49, 


51. 


53. 


55. 
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Cotton T-Shirt Exports. Worldwide, t-shirt exports 
had a total value of $43,100,000,000 in 2016. Of this 
amount, approximately $ came from cotton t-shirts. 
Worldwide, what was the value of cotton t-shirts 
exported in 2016? 


Data: www.worldstopexports.com 


Mailing-List Changes. ‘The United States Postal 
Service estimates that x of the addresses on a mailing 
list will change in one year. A business has a mailing 
list of 3000 people. After one year, how many 
addresses on that list will be incorrect? 


Data: usps.com 


A recipe for piecrust calls for ¢ cup of flour. A baker 
is making 5 of the recipe. How much flour should the 
baker use? 


A house worth $154,000 is assessed for } of its value. 
What is the assessed value of the house? 


Map Scaling. Ona map, 1 in. represents 240 mi. 
What distance does § in. represent? 


Fraction Notation: Multiplication and Division 


48. 


50. 


52. 


54. 


56. 


Corn Exports. The United States exported 
51,135,000 metric tons of corn in 2016. In that year, 
South Korea purchased z of U.S. corn exports. How 
many metric tons of U.S. corn did South Korea 
purchase? 


Data: Outlook for U.S. Agriculture Trade/AES-99/May 25, 2017, USDA’s 
Economic Research Service and Foreign Agricultural Service; National 
Corn Growers Association 


Substitute Teaching. After Vivian completes 60 hr 
of teacher training in college, she can earn $120 for 
working a full day as a substitute teacher. How much 
will she receive for working 2 of a day? 


Of the students in the freshman class, 4 have digital 
cameras; i of these students also join the college 
photography club. What fraction of the students in 
the freshman class join the photography club? 


Roxanne’s tuition was $4600. She obtained a loan for } 


of the tuition. How much was the loan? 


Map Scaling. Ona map, 1 in. represents 120 mi. 
What distance does } in. represent? 


Miles per inch 
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57. Household Budgets. 


A family has an annual income 
of $42,000. Of this, t is spent for food, ; for housing, in 
for clothing, iy for savings, i for taxes, and the rest for 


58. Household Budgets. 


A family has an annual income 
of $28,140. Of this, i is spent for food, 1 for housing, i 
for clothing, i for savings, 5 for taxes, and the rest for 


other expenses. How much is spent for each? other expenses. How much is spent for each? 


Family Income 


Housing i 


Clothing 4, = 7 


: 1 
Savings 77 


Food k 


Other 
expenses 


Taxes = 
DATA: U.S. Census Bureau 


Skill Maintenance 


Add. [1.2a] 
59. 7246 + 1341 


60. 24 + 2683 61. 38,007 + 94,103 62. 59,648 + 7984 


Subtract. [1.3a] 
63. 9001 — 6798 64. 2037 — 1189 65. 67,113 — 29,874 66. 12,327 — 476 
Multiply. [1.4a] 
67. 2-13 68. 8-32 69. 17°25 70. 25-168 
Divide. [1.5a] 
71. 0 + 22 72. 22 +1 73. 7140 + 35 74, 32,200 + 46 
MIEN SNS: 3 pceadaes oni tytdeaaxtaesiateeictnactantecsnesenihaai bsecethadxastee trends dnseceedena aati batnantoalicbdan slate paavaathapeinaes cha gceaastestan’s 
Multiply and simplify. Use a list of prime numbers or a fraction calculator. 
75 201 4601 5767 159 
, 535 6499 , 3763 395 
77. College Profile. Of students entering a college, Z 78. College Profile. Refer to the information in Exercise 


77. If 480 students are entering the college, how many 
of them are left-handed high school graduates 20 years 
old or younger? 


have completed high school and s are older than 20. 
If } of all students are left-handed, what fraction of 
students entering the college are left-handed high 
school graduates over the age of 20? 


79. College Profile. Refer to Exercise 77. What fraction 
of students entering the college did not graduate from 
high school, are 20 years old or younger, and are 


left-handed? 
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2./ 


OBJECTIVES 


fa] Find the reciprocal of a 
number. 


Db Divide and simplify using 
fraction notation. 

(@) Solve equations of the type 
a+x = bandx-a= 6, 
where a and b may be 
fractions. 


ds Solve applied problems 
involving division of fractions. 


Find the reciprocal. 


2 10 
| 2. = 
5 7 
1 
3. 9 4. = 
5 
Answers 
5 7 1 
1. 2 2, 10 3. 9 4.5 
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Division and Applications 


(@) RECIPROCALS 


1 2 
Products like 8 - 8 and 37 simplify to 1: 


RECIPROCALS 


If the product of two numbers is 1, we say that they are reciprocals 
of each other. To find the reciprocal of a fraction, interchange the 
numerator and the denominator. 


4 
Number: + —> Reciprocal = 


EXAMPLES Find the reciprocal. 


4 45 20 
1. Th i lof zis -. ‘~=—=1 
e reciprocal of = is 7 <a ag 
: a: ; 24 24 1 24 © 
2. The reciprocal of 24 is ri Think of 24 as Li eb 1 
1 1 13 3 
. Th i 1 of = is 3. *3=>--= -=1 
3 e reciprocal o go 3 3 <a 


< Do Exercises 1-4. 


Does 0 have a reciprocal? If it did, it would have to be a number x such 
that 0-x = 1. But 0 times any number is 0. Thus, we have the following. 


0 HAS NO RECIPROCAL 


0 
The number 0, or 7 has no reciprocal. (Recall that Oi not defined. 


(B) pivision 
oe 


Consider the division } + 5. We are asking how many ;’s are in }. From the 
figure below, we see that there are six ,’s in }. Thus, 


1 1 1 12 1 


8 8 & 8 8 38 
ee a ae ae aan 
1 1 


4a 4a 


and 


Fraction Notation: Multiplication and Division 


We can check this by multiplying: 
1 61 = 6 2:3 
8 18 8 2:4 


24 4 
24 4 


6- 


Here is a faster way to do this division: 


2 41 _ 3 8 393.44 


4°8 41 41 4 


Multiplying by the reciprocal 
of the divisor 


6. 


To divide fractions, multiply the dividend by the reciprocal of the 
divisor: 


EXAMPLES Divide and simplify. 


4522 53 3:9 5-3 3 5 5 5 
"6° 3 62 6:2 3:2°2 32:2 2:2 4 
P 7.1 _7 16 7-16 _7+2+8 8 PED V2 2 ig 
"8 16 8 @ 8-1 8-1 8 1 1 
2 24 D4 2+1 2 1 1 il 
6 Oe 56 50-3253 5 dS - 


Caution! 
Canceling can be used as follows for Examples 4-6. 
5, 2 5:3 5°32 5 5 
3-2-2 2-2 4 


Removing a 
factor of 1:3 = 1 


4. 


Removing a 
factor of 1:3 = 1 


Removing a 
factor of 1:5 = 1 


6. 


6 

e 7 
8 16 8 1 81 
2 1 
5 6 


MN] Nd 


5-23 53 «15 
Remember: if you can’t factor, you can’t cancel! 


|r 


Do Exercises 5-8. > 


What is the explanation for multiplying by a reciprocal when dividing? 
Let’s consider ¢ = Z We multiply by 1. The name for 1 that we will use is 
(5/7)/(5/7); it comes from the reciprocal of 2. 


Divide and simplify. 


BD .*6.3_5 

ea) _| 
6-4 
73 
233-2. 
73 
T3e 
==. 
_ DoMe? 
CT 

> 4 4 

6374 ere 
3 

8. 60 + = 


2 2 25 2 5 25 
7 3 34 37 3°79 3. oF 22 10 9. Divide by multiplying by 1: 
4°35: FF ° 7 Po FS i 37 21 4 
5 3 57 9 2 
Th : 
us, 7 
re ee ee 
2 $$ 32F 2 Ancien 
Do Exercise 9. > a ee hd 
5. 5 6.5 7 10 8. 100 9. 15 
Guided Solution: 
4 
5. 3 2,3,8 
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Solve equations like 
28:x = 168. [1.7b] 
Solve. 
1.88 =8-y 2. 16:x = 1152 


Answers: 1.11 2.72 
VIDEO 


Solve. 
5 2 
10. =-y== 
6 ao 
5. 2 
6 ee 
ee 0s 
3 
Lae 
au5 
3,22 
3 
Tt, 
3 
1 ee = 
ae 


Answers 


4 
10. = 11. 32 
Sy} 


Guided Solution: 
55 

10. —, = y,5,3,5,4 
6 6 


(©) SOLVING EQUATIONS 


Now let’s solve the equations a-x = b and x-a = b, where a and b may be 
fractions. We proceed as we did with equations involving whole numbers. 
We divide by a on both sides. 


EXAMPLE 7 Solve: ¢-x = §. 


We have 
4 6 
y= — 
3 7 
4 6 
Sey 
3 7 ate 4 ; 
os = 7 Dividing by 3 on both sides 
3 3 
6 3 hae ; 
x= 7 : 4 Multiplying by the reciprocal 
_ 653 _ 2°3*3._ 2 3*3  3+3_ D 
ph Te22. 2-992 92. ta 
The solution is ;j. e 


EXAMPLE 8 Solve: t-3 = 80. 
Dividing by § on both sides, we get 
pene is a0 +> B05. 4920+5 4 2055 _ 20%5 
5 4 4 4+] 4 1 1 


= 100. 


The solution is 100. 
< Do Exercises 10 and 11. 


da APPLICATIONS AND PROBLEM SOLVING 


EXAMPLE 9 Doses of an Antibiotic. How many doses, each containing 
— milliliters (mL), can be obtained from a bottle of a children’s antibiotic 
that contains 60 mL? 


1. Familiarize. We are asking the question “How many 1s are in 60?” 
Repeated addition will apply here. We make a drawing. We let n = the 
number of doses in all. 


2 milliliter in each dose 


n doses in all 


2. Translate. The equation that corresponds to the situation is 


15 
= 60+ —. 
” 4 
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3. Solve. We solve the equation by carrying out the division: 12. Each loop in a spring uses * in. 
of wire. How many loops can 


y be made from 210 in. of wire? 
ee 4 60 4 
Oa, Oe a a5 


60:4. 4°15*4 15 4:4 
ie gee ie 


4. Check. We check by multiplying the number of doses by the size of 
the dose: 16: _ = 60. The answer checks. 


5. State. There are 16 doses in a 60-mL bottle of the antibiotic. 


Do Exercise 12. > 


EXAMPLE 10 Bicycle Paths. The city of Indianapolis has adopted the a ——— 
Indianapolis Bicycle Master Plan as a strategy for creating an environment 

where bicycling is a safe, practical, and enjoyable transportation choice. 

After the city finished constructing 60 mi of bike paths and on-road bike 

lanes, the master plan was 4 complete. What is the total number of miles of 

bicycling surface that the city of Indianapolis plans to construct? 

Data: Indianapolis Bicycle Master Plan, June 2012 


1. Familiarize. We ask, “60 mi is wii of what length?” We make a drawing 
or at least visualize the problem. We let b = the total number of miles 
of bicycling surface in the master plan. 


~- a) 
b miles 
2. Translate. We translate to an equation: 
Fraction Total miles Amount 13. Sales Trip. John? 
: . Sales Trip. John Penna 
completed — of planned is completed sells. soy bons seeds to seed 

\ companies. After he had 
3 driven 210 mi, 2 of his sales trip 
a : b = 60. was completed. How long was 
10 the total trip? 


3. Solve. We divide by 3 on both sides and carry out the division: 


3 60 10 60-10  3+20-10 3-20-10 | 
=O 1s ie ie 8 
4. Check. We determine whether ;5 of 200 is 60: j}-200 = 60. The 
answer, 200, checks. 


5. State. The Indianapolis Bicycle Master Plan calls for 200 mi of bicy- 
cling surface. 


Do Exercise 13. D 


Answers 
12. 80 loops 13. 252 mi 
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Translating 
for Success 


1. Boxes of Candy. Jane’s 6. Gasoline Tank. A gasoline 


Fudge Shop is preparing gift 
boxes of fudge. How many 
pounds of fudge will be 
needed to fill 80 boxes if each 
box contains 7 Ib? 


. Gallons of Gasoline. On the 
third day of a business trip, a 
sales representative used # of 
a tank of gasoline. If the tank 
holds 20 gal of gasoline, how 
many gallons were used on 
the third day? 


. Purchasing a Shirt. Tom 
received $36 for his birthday. 
If he spends of the gift ona 
new shirt, what is the cost of 
the shirt? 


. Checkbook Balance. The 
balance in Sam’s checking 
account is $1456. He writes 
a check for $28 and makes 

a deposit of $52. What is the 
new balance? 


5. Boxes of Candy. Jane’s 


Fudge Shop prepared 80 Ib 

of fudge for gift boxes. If each 
box contains % Ib, how many 
boxes can be filled? 


The goal of these matching questions 
is to practice step (2), Translate, of 
the five-step problem-solving process. 


Translate each problem to an equation 


and select a correct translation from 
equations A-0. 


3 
No 36 = =o 
ie 4 36 


B. 28-x = 52 


C. x= Ce 


- x = 1456 + 28 


> 2 = WEG = 52 = Be 
. x + 28 = 1456 

» Je = SB = 2S 

eee 52-28 


. x = 1456 — 28 + 52 


. ae 


Answers on page A-4 


tank contains 20 gal when it is 
¢ full. How many gallons can 
it hold when full? 


. Knitting a Scarf. It takes 


Rachel 36 hr to knit a scarf. 
She can knit only 3 hr per day 
because she is taking 16 hr 

of college classes. How many 
days will it take her to knit 
the scarf? 


. Bicycle Trip. Ona recent 


52-mi bicycle trip, David 
stopped to make a cell-phone 
call after completing 28 mi. 
How many more miles did he 
bicycle after the call? 


. Créme de Menthe Thins. 


Andes Candies L.P. makes 
Créme de Menthe Thins. How 
many 28-piece packages can 
be filled with 1456 pieces? 


. Cereal Donations. The 


Williams family donates 28 
boxes of cereal weekly to 
the local Family in Crisis 
Center. How many boxes 
does this family donate in 
one year? 


FOR 
EXTRA @ MyLab Math 
‘ HELP 


v Check Your Understanding 


Reading and Concept Check Determine whether each statement is true or false. 


RC1. 


RC2. 
RC3. 


RC4. 


RCS. 


RC6. 
RC7. 


RC8. 


1 
The numbers 7 and 7 are reciprocals. 


The number 1 has no reciprocal. 


To divide fractions, we multiply the dividend by the reciprocal of the divisor. 


2D 
To solve 5" x= = we divide by - on both sides. 


1 
The numbers - and 3 are reciprocals. 


The number 0 has no reciprocal. 


If the product of two numbers is 1, we say that the numbers are reciprocals of each other. 


Same 5 
To solve y- 9 i we divide by 9 on both sides. 


@_s Find the reciprocal of each number. 


Dl re 


“5° 4 
4 1 
13. -+= 
3° 3 
- 
17. 373 


7 
2.5 3. 6 4. 4 
8 
i 10 2 
ae eee “4 
2 3 De. 19 6 
1; 1 ee va 
o 3 4 5 4 7 
10.1 1 1 1 
Be a ae a ae ae ex 16. — 
a” 9. 3 eG 6 & 4 
12 18 
18. = +5 9. +4 20. — + 2 
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21. 12 + 2 22. 24 + 8 23. 28 + 5 24. 40 + 3 
“gs 8 "5 5 “415° 5 "13° 26 

9 4 5 25 2 _8 
29. a 30. oe 31. 120 = 5 32. 360 = - 


4 3 5 10 4 8 
. =x = 60 4. —-t = 90 ay Mm => 
33 5 x 3 5 9 35 3 y 3 36 9 ne 
25 5 4 8 8 5 
Shy Bae = a5 38. De = 75 39. n+ 7 = 360 40. ye = 120 
ds Solve. 
41. Extension Cords. An electrical supplier sells rolls 42. Benny uses 2 gram (g) of toothpaste each time he 
of SJO 14-3 cable to a company that makes extension brushes his teeth. If Benny buys a 30-g tube, how 
cords. It takes { ft of cable to make each cord. How many times will he be able to brush his teeth? 


many extension cords can be made with a roll of 
cable containing 2240 ft of cable? 


GQproortiviaste — 


a —— 


43. A pair of basketball shorts requires 3 yd of nylon. 44. A child’s baseball shirt requires 2 yd of fabric. How 
How many pairs of shorts can be made from 24 yd of many shirts can be made from 25 yd of fabric? 
nylon? 

45. How many é-cup sugar bowls can be filled from 16 46. How many $-cup cereal bowls can be filled from 10 
cups of sugar? cups of cornflakes? 
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47. A bucket had 12 L of water in it when it was 3 full. 
How much could it hold when full? 


49. Yoshi Teramoto sells hardware tools. After driving 
180 kilometers (km), he has completed § of a sales trip. 
How long is the total trip? How many kilometers are 
left to drive? 


48. A tank had 20 L of gasoline in it when it was d full. 
How much could it hold when full? 


50. A piece of coaxial cable 2 meter (m) long is to be cut 
into 8 pieces of the same length. What is the length of 
each piece? 


— 


He 


Pitch of a Screw. The pitch of a screw is the distance between its threads. With each complete rotation, the screw goes in 
or out a distance equal to its pitch. Use this information to do Exercises 51 and 52. 


51. After a screw has been turned 8 complete rotations, it 
is extended 5 in. into a piece of wallboard. What is the 
pitch of the screw? 


Skill Maintenance 22.0. ceccececceetecee: 


Solve. [1.8a] 


53. Long Airline Flights. The longest flight operated by a 
US. airline is United Airlines’ San Francisco—-Singapore 
flight; with a length of 8467 miles, it takes 16 hours 
25 minutes. Another long United flight is the Newark- 
Delhi route; with a length of 7334 miles, it takes 14 hours 
50 minutes. How much longer, in miles, is the San 
Francisco—Singapore flight than the Newark-Delhi flight? 


Data: Indianapolis Star, USA Today. “The Longest Flights by U.S. 
Airlines,” Ben Mutzabaugh, June 25, 2017; OAG 


55. Tiananmen Square. Tiananmen Square in Beijing, 
China, is the largest public square in the world. The 
length of the rectangular region is 963 yd and the 
width is 547 yd. What is its area? its perimeter? 


SYMthesis occ cece tee testes teseeeeeeeeeeen 


Simplify. Use a list of prime numbers. 


_ 711. 10,033 8633 _ 485 
“"" 1957 ~ 13,081 


7 7387 581 


61. If ; of a number is j, what is } of the number? 


52. The pitch of a screw is a in. How many complete 
rotations are necessary to drive the screw ; in. into a 
piece of pine wood? 


54. Gas Mileage. The 2017 Ford F-150 Raptor 4x4 
SuperCab gets 18 mpg in highway driving. How many 
gallons will it use in 774 mi of highway driving? 


Data: Road & Track, June 2017, p. 36 


56. A landscaper buys 13 small maple trees and 17 small 
oak trees for a project. A maple costs $23 and an oak 
costs $37. How much is spent altogether for the trees? 
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CHAPTER 


Vocabulary Reinforcement 
Fill in each blank with the correct term from the list on the right. Some of the 
choices may not be used. 4 
1. For any number a, a: 1 = a. The number 1 is the eqn or 
identity. [2.5a] additive 
2. In the product 10- 3, 10 and 3 are called . [2.1a], [2.4a] Enea: 
. ; : reciprocals 
3. A natural number that has exactly two different factors, only itself and 1, is 
called a(n) number. [2.1c] factors 
rime 
4. In the fraction +, 17 is the . [2.3a] , : 
composite 
5. Since 5 and t are two names for the same number, we say that 2 and & are snnNeea har 
fractions. [2.5a] 
in i " denominator 
6. The product of 6 and { is 1. We say that 6 and { are . [2.7a] faleneaden 
7. Since 20 = 4-5, we say that 4-5 isa of 20. [2.1a] variables 
8. Since 20 = 4-5, we say that 20 is a of 5. [2.1b] multiple 
Concept Reinforcement 
Determine whether each statement is true or false. 
1. For any natural number ie > Pe [2.3b] 
2. A number is divisible by 10 if its ones digit is 0 or 5. [2.2a] 
3. If a number is divisible by 9, then it is also divisible by 3. [2.2a| 
2. AB, . tl 
4. The fraction % is larger than the fraction rx [2.5c] 
Study Guide 
Objective 2.1a Find the factors of a number. 
Example Find the factors of 84. : Practice Exercise 
We find as many “two-factor” factorizations as > 1. Find the factors of 104. 
we can. : 
1-84 4-21 
2°42 6:14 
3°28 7:12<— Since 8, 9, 10, and 11 are not 
factors, we are finished. 
The factors are 1, 2, 3, 4, 6, 7, 12, 14, 21, 28, 42, and 84. 
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Objective 2.1d_ Find the prime factorization of a composite number. 


Example Find the prime factorization of 84. Practice Exercise 


To find the prime factorization, we can use either : 2, Find the prime factorization of 104. 
successive divisions or a factor tree. i 


Th 84 
—— 4 21 
2)42 Pe 
2)84 223 7 
Thus, 84 = 2:2:°3°7. 


Objective 2.3b Simplify fraction notation like n/n to 1, 0/n to 0, and n/1 ton. 


6 0 6 Practice Exerci 
Example Simplify 66 and 1 nee on ie 
. Simplify —, — ae 
6, 0_, 6, 3 Simplify Ty 7g and 
6 , 6 , 1 


Objective 2.5b Simplify fraction notation. 


315 Practice Exercise 
E le Simplify: ——. 
xample Simplify: 75 ‘ia 
, ee 4. Simplify: —. 
Using the test for divisibility by 5, we see that both 280 
the numerator and the denominator are divisible by 5: 


315 _ 5:6 5 6 _, 6 

1650 5-330 5 330. 330 
_ oF 32. 3 2th BC: 
~ 330 37110 3 1 ~ 10 110% 


Objective 2.5c Use the test for equality to determine whether two fractions name the same number. 


Example Use = or # [_] for to write a true sentence: : Practice Exercise 
10 15 5. Use = or # for [_] to write a true sentence: 
44 81 8 6 
We find the cross products: 10:81 = 810 and 48 U 44 


54-15 = 810. Because the cross products are the 
same, we have 

10 _ 4s 

54. 81 
If the cross products had been different, the fractions 
would not be equal. 


Objective 2.6a Multiply and simplify using fraction notation. 


40 Practice Exerci 
Example Multiply and simplify: ao enone eres a 
7 40 7:40 7-2-2665 6. Multiply and simplify: 3°77 
16 49° 16-49 2+2+2+2+7+7 
22222275 5 5 


~ 9x459-7 929 dd. 
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Objective 2.7b Divide and simplify using fraction notation. 


9 18 
Example Divide and simplify: 0 Serre 


Practice Exercise 


wa 7. Divide and simplify: a = ad 
9 18 9 25 9:25 3+3+5+5 4° 14 
20° 25° 20 18 20-18 2+2+5+2-3+3 
85, 5 4 
3°3+5. 292*2 8 8 
Objective 2.7d Solve applied problems involving division of fractions. 


Example A rental car had 18 gal of gasoline when 
its gas tank was § full. How much could the tank hold 
when full? 


The equation that corresponds to the situation is 

6 

=g = 18. 

78 

We divide by § on both sides and carry out the division: 
6 18 7 _ 18-7 


B= TG 16 
S607 6 SF . Ot 

= o0.2 ag = 91, 
16 6 1 1 


The rental car can hold 21 gal of gasoline. 


Review Exercises 


Practice Exercise 


8. A flower vase has } cups of water in it when it is } 
full. How much can it hold when full? 


Find all the factors of each number. 
1. 60 2. 176 


[2.1a] 


3. Multiply by 1, 2, 3, and so on, to find ten multiples 
of 8. [2.1b] 


4. Determine whether 924 is divisible by 11. [2.1b] 
5. Determine whether 1800 is divisible by 16. [2.1b] 


Determine whether each number is prime, composite, 


or neither. [2.1c] 

6. 37 71 8. 91 

Find the prime factorization of each number. [2.1d] 
9. 70 10. 30 

11. 45 12. 150 

13. 648 14. 5250 


To do Exercises 15-22, consider the following numbers: 


140 716 93 2802 
95 2432 330 711 

182 4344 255,555 

475 600 780 


Which of the above are divisible by the given 


number? [2.2a] 

15. 3 16. 2 
17. 4 18. 8 
19. 5 20. 6 


21. 9 22. 10 


23. Identify the numerator and the denominator of 5. 
[2.3a] 


What part of each object is shaded? = [2.3a] 


“LE | *H HL 
LIT TETL 
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26. What part of the set of objects is shaded? 


[2.3a] 


OA LIV 
= 


27. For a committee in the United States Senate that 


consists of 3 Democrats and 5 Republicans, what is 
the ratio of: [2.3a] 


a) Democrats to Republicans? 

b) Republicans to Democrats? 

c) Democrats to the total number of committee 
members? 


Simplify. [2.3b], [2.5b] 
12 7 23 
28. 30 29, 38 30. B 
0 1170 18 
31. 5 32. 1200 33. 1 
9 88 18 
34. 7 35. 184 36. 0 
48 140 288 
37. = 38. 490 39. 2025 
40. Simplify the fractions on this circle graph. [2.5b] 


Summer Vacation 
Destination 


Stay home 
3S 
100 
Abroad 
10. 


100 Out of 


state 
In state i 
24 
100 


DATA: Jersey Mike’s Trend Tracker 


Use = or # for [_] 


a A 
41. —[] = 
5‘ 6 

5 

43. 5 6 


Multiply and simpli 


3 
45. 4-— 
8 


47. 9-— 


49. 


aNGESS) 
\o 


53, 25°25 


Find the reciprocal. 


Be 
“$s 


57. 


Divide and simplify. 


4 
59.6 + = 
3 


Solve. [2.7c] 


5. 8 
7 -t= 
a 8 


to write a true sentence. 


4 8 
42. — a 
i 14 


[2.5¢] 


28 
21 


4A. 


w]e 


fy. [2.4a], [2.6a] 


7 
46. +24 
3 


48. 


nO 


-20 


50. =: 


52, —-— 


54, —- = 


[2.7a] 
56. 3 


58. =~ 


[2.7b] 


60. 


62. 


64. 180 + — 


66. 


Summary and Review: Chapter 2 


141 


Solve. [2.6], [2.7d] 


69. A road crew repaves ih mi of road each day. How 
long will it take the crew to repave a 3-mi stretch of 
road? 


70. Level of Education and Median Income. The 
median yearly income of someone with an 
associate’s degree is approximately 3 of the median 
income of someone with a master’s degree. If the 
median income for those with master’s degrees is 
$101,323, what is the median income of those with 


associate’s degrees? 


Data: Statista 


Associate’s degree 


Master’s degree 


71. After driving 600 km, the Youssi family has 
completed 3 of their vacation. How long is the 
total trip? 


72. Molly is making a pepper steak recipe that calls for 
g cup of green bell peppers. How much would be 
needed to make 5 recipe? 3 recipes? 


73. Bernardo earns $105 for working a full day. How 
much does he receive for working 5 of a day? 


74. A book bag requires = + yd of fabric. How many bags 
can be made from 48 ‘yd? 


75. Solve Jax 5 [2.7c] 
1 
A. B B. 7 
4 
Cc. B D. 7 
76. Multiply and simplify: a a [2.6a] 
195 1 
Cc 36 D. 156 


Synthesis eee 


77. In the division below, find a and b.  [2.7b] 
19 a __ 187,853 
24 b 268,224 


78. A prime number that remains a prime number 
when its digits are reversed is called a palindrome 
prime. For example, 17 is a palindrome prime 
because both 17 and 71 are primes. Which of the 
following numbers are palindrome primes?  [2.1c] 


13, 91, 16, 11, 15, 24, 29, 101, 201, 37 


Understanding Through Discussion and Writing 


1. A student incorrectly insists that 3 + } is Bo What 
mistake is he probably making? 22. 7b] 


2. Use the number 9432 to explain why the test for 
divisibility by 9 works. [2.2a] 


3. A student claims that ° ‘taking } of a number is the 
same as dividing by 4 3.” Explain the error in this 
reasoning. [2.7b] 


4. On page 109, we explained, using words and 
pictures, why =- 3.3 a Pauls +. Present a similar 
explanation o why 2 + equals * x7 ~«([2.4a] 


5. Without performing the division, explain why 5 + 
is a greater number than 5 + %. [2.5c], [2.7b] 


6. If a fraction’s numerator and denominator have no 
factors (other than 1) in common, can the fraction 
be simplified? Why or why not? [2.5b] 
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CHAPTER 


For step-by-step test solutions, access the Chapter Test Prep Videos 
Test in MyLab Math. 


1. Find all the factors of 300. 


Determine whether each number is prime, composite, or Find the prime factorization of the number. 
neither. 
2. 41 3. 14 4, 18 5. 60 
6. Determine whether 1784 is divisible by 8. 7. Determine whether 784 is divisible by 9. 
8. Determine whether 5552 is divisible by 5. 9. Determine whether 2322 is divisible by 6. 
10. Identify the numerator and the denominator of 3. 11. What part is shaded? 
12. What part of the set is shaded? 13. Business Days. There are approximately 259 business 
days in a 365-day year. 
\ i C) (og a) What is the ratio of business days to days in the 
year? 
& b) What is the ratio of nonbusiness days to days in the 
year? 
Simplify 
26 12 0 12 
14. a 15. D 16. 16 17. a 
42 ) 7 Tz 
— oe 2 eee Pal lore 
aS v7 2 0 =D 108 


Use = or # for|_| to write a true sentence. 


3 6 5 9 
a Ml 23.7 1, 
Multiply and simplify. 
4 3 AAS U2 »® 
> =e ke iy =o == 
pi ak Baars Baus Id 33 


Test: Chapter2 143 


Find the reciprocal. 


5 1 
28. — 29 30. 18 
8 4 


Divide and simplify. 


ies 2 24 — 28 
Ws ee a Yay 112) ee = : Se = 
: 5 & ; 3 Se 5 ils 
Solve. 
7 2 oi 
4. —-x = 56 eS 
3 ae 35 5 10 
36. woe are 7000 students at La Poloma College, 37. A strip of taffy ;) m long is cut into 12 equal pieces. 
and 3 of them live in dorms. How many live in What is the length of each piece? 
dorms? 
38. A thermos of iced tea held 3 qt of tea when it was A 39. The pitch of a screw is 7 in. How far will it go into a 
full. How much tea could it hold when full? piece of walnut when it is turned 6 complete rotations? 


40. In which figure does the shaded part represent of the figure? 


‘ay 
ale 


SVIMEMGSIS: Oren hr ee ree re ene ec a a ede eed me eran anes 


41. Grandma Hammons left 3 of her acre apple farm to ote Se 
1 ae ih : 42. Simplify: | >] + 
Karl. Karl gave ; of his share to his oldest daughter, 8 
Eileen. How much land did Eileen receive? 
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CHAPTER 


Least Common Multiples 
Addition and Applications 
Subtraction, Order, and 


-_ - : Applications 


. Mixed Numerals 
——* d b | 3.5 Addition and Subtraction 
— = ? t Using Mixed Numerals; 
f . ’ ¥ - P Applications 


_ 3.6 Multiplication and Division 
Using Mixed Numerals; 


Fraction Notation ee 
a n d Mixed N Uu m era ls 3.7 Order of pasenune Complex 


Fractions, and Estimation 


Living in colonies of up to 60,000 inhabitants, honeybees gather nectar from flowers 
during the summer and store it as honey, to serve as food during the winter. In healthy 
colonies, enough honey is produced for beekeepers to harvest an average of 30 lb of 
honey and leave sufficient honey for the bees for the winter. We depend on honeybees 
for much of our food. About 
; of the food we eat depends 
on pollinators for its 


Honeybee Colony Loss 


2010-2011 
production, and honeybees 
2011-2012 are responsible for ¢ of that 
pollination. Agriculturists 
epienchi? in the United States are 
2013-2014 concemed about the high 


percentage of colony losses 
in recent years, as shown in 
the accompanying graph. 


2014-2015 


2015-2016 


DATA: thoughtco.com; 
10 20 30 40 50% nbcnews.com 


Percentage of colonies lost 
in the United States 


DATA: USDA 


In Example 10 and Margin Exercise 15 of Section 3.3, we will compare 


the average lengths of types of honeybees. 145 


STUDYING FORSUCCESS Preparing for a Test 


OOU0 


3.1 


OBJECTIVE 
a Find the least common 
multiple, or LCM, of two or 
more numbers. 


1. Find the LCM of 9 and 15 by 
examining lists of multiples. 


Answer 
1. 45 
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Make up your own test questions as you study. 
Do an overall review of the chapter, focusing on the objectives and the examples. 


Do the exercises in the Mid-Chapter Review and in the end-of-chapter Review. 
Take the chapter test at the end of the chapter. 


Least Common Multiples 


When we want to add or subtract fractions, the fractions must share a 
common denominator. If necessary, we find equivalent fractions using the 
least common denominator (LCD), or least common multiple (LCM) of the 
denominators. 


a FINDING LEAST COMMON MULTIPLES 


Find some multiples of anumber.  {2.1b| 
Multiply by 1, 2,3, and so on, to find six multiples of each number. 
Ih, fs) 2, BS) 


Answers: 1. 8, 16, 24, 32, 40, 48 
7 5), S10), SL, WOO), 1225), ISO) 


VIDEO 
LEAST COMMON MULTIPLE, LCM 


The least common multiple, or LCM, of two natural numbers is the 
smallest number that is a multiple of both numbers. 


EXAMPLE 1 Find the LCM of 20 and 30. 
First, we list some multiples of 20 by multiplying 20 by 1, 2, 3, and so on: 
20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240,.... 
Then we list some multiples of 30 by multiplying 30 by 1, 2, 3, and so on: 
30, 60, 90, 120, 150, 180, 210, 240, .... 


Now we determine the smallest number common to both lists. The LCM of 
20 and 30 is 60. 


<@ Do Exercise 1. 


Next, we develop three more efficient methods for finding LCMs. You 
may choose to learn only one method. (Consult with your instructor.) If you 
are going to study algebra, you should definitely learn method 2. 


Method 1: Finding LCMs Using One List of Multiples 


The first method for finding LCMs works especially well when the numbers 
are relatively small. 


Fraction Notation and Mixed Numerals 


Method 1. To find the LCM of a set of numbers using a list of multiples: 


a) Determine whether the largest number is a multiple of the others. 
If it is, it is the LCM. That is, if the largest number has the others 
as factors, the LCM is that number. 


b) If not, check multiples of the largest number until you get one that 
is a multiple of each of the others. 


X 


EXAMPLE 2 Find the LCM of 12 and 15. 
a) 15 is the larger number, but it is not a multiple of 12. 
b) Check multiples of 15: 


2°15 = 30, Not a multiple of 12 
3°15 = 45, Not a multiple of 12 
4-15 = 60. A multiple of 12:5-12 = 60 
The LCM = 60. 8 


EXAMPLE 3 Find the LCM of 8 and 32. 
a) 32 is a multiple of 8 (4-8 = 32), so the LCM = 32. e 


EXAMPLE 4 _ Find the LCM of 10, 20, and 50. 
a) 50 is a multiple of 10 but not a multiple of 20. 
b) Check multiples of 50: 
2°50 = 100. A multiple of 10 and of 20: 
10-10 = 100 and 5-20 = 100 
The LCM = 100. 


Do Exercises 2-5. > 


Method 2: Finding LCMs Using Prime Factorizations 


A second method for finding LCMs uses prime factorizations. Consider again 
20 and 30. Their prime factorizations are 20 = 2-2-5 and30 = 2-3-5. Any 
multiple of 20 will have to have two 2’s as factors and one 5 as a factor. Any 
multiple of 30 will need to have one 2, one 3, and one 5 as factors. The small- 
est number satisfying these conditions is 


Two 2’s,one5; 2:2°3-+5isa multiple of 20. 
VY ov. P 
2°*243 65 
A 


One 2, one 3,one 5; 2+2+3+5 isa multiple of 30. 


Thus, the LCM of 20 and 30 is 2:2+3->5, or 60. It has all the factors of 20 and 
all the factors of 30, but the factors are not repeated when they are common 
to both numbers. 

Note that each prime factor is used the greatest number of times that it 
occurs in either of the individual factorizations. 


Method 2. To find the LCM of a set of numbers using prime 
factorizations: 
a) Write the prime factorization of each number. 


b) Create a product, using each prime factor the greatest number 
of times that it occurs in any one factorization. 


Find the LCM. 


2. 10,15 3. 6,8 
4. 5,10 5. 20, 45, 80 
Answers 


2.30 3.24 4.10 5. 720 
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EXAMPLE 5 Find the LCM of 6 and 8. 
a) Write the prime factorization of each number. 


= 2°3, = 29292 The prime factors are 2’s and 3’s. 


b) Create a product with the prime factors 2 and 3, using each the greatest 
number of times that it occurs in any one factorization. 


Consider the factor 2. The greatest number of times that 2 occurs in any 
one factorization is three times. We write 2 as a factor three times. 


Use prime factorizations to find 
each LCM. 2°2°2+? 

6. 8,10 . . é 
Consider the factor 3. The greatest number of times that 3 occurs in any 
one factorization is one time. We write 3 as a factor one time. 

7. 18, 40 

& 22 D3 
a) 18 = 2:3- 
40 = 2-2-2: Since there are no other prime factors in either factorization, the 
b) Consider the factor 2. The LCM is 2:2+2- 3, or 24. O 
greatest number of times that 2 
pecurs in any ene tactenzation EXAMPLE 6 Find the LCM of 24 and 36. 
is times. Write 2 as a 
factor times. a) Write the prime factorization of each number. 
2°2+2+? 24 = 2-2°2°3, 36 = 2°2:+3°3 The prime factors are 
Consider the factor 3. The 2’s and 3’s. 
greatest number of times that 3 : ; : 
occurs in any one factorization b) Create a product with the prime factors 2 and 3, using each the greatest 
is times. Write 3 as a number of times that it occurs in any one factorization. 
factor times. : ; . 
Consider the factor 2. The greatest number of times that 2 occurs in any 
2°2+2+3+3-+? one factorization is three times. We write 2 as a factor three times. 
Consider the factor 5. The 3625209 
greatest number of times that 5 : 
occurs in any one factorization Consider the factor 3. The greatest number of times that 3 occurs in any 
is time. Write 5 as a one factorization is two times. We write 3 as a factor two times. 
factor time. 
5909030305 D2 2°22 33 
LCM = Since there are no other prime factors in either factorization, the 
LCM is 2+2+°2°3°3, or 72. 
8. 32, 54 <« Do Exercises 6-8. 
EXAMPLE 7 Find the LCM of 81, 90, and 84. 
a) Write the prime factorization of each number. 
81 = 3-3:-3°3, i 
The prime factors are 
0 = 2°3°3°5 
: 2’s, 3’s, 5’s, and 7’s. 
84 = 2:2-3-7 
b) Create a product with the prime factors 2, 3, 5, and 7, using each the great- 
est number of times that it occurs in any one factorization. 
Consider the factor 2. The greatest number of times that 2 occurs in any 
one factorization is two times. We write 2 as a factor two times. 
2 2* 2 
Consider the factor 3. The greatest number of times that 3 occurs in any 
Answers one factorization is four times. We write 3 as a factor four times. 
6. 40 7. 360 8. 864 21223 #339369 
Guided Solution: 
7. (a) 3,5; (b) three, three; two, two; one, 
one; 360 
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Consider the factor 5. The greatest number of times that 5 occurs in any 
one factorization is one time. We write 5 as a factor one time. 


2226393753 ° 325%?) 


Consider the factor 7. The greatest number of times that 7 occurs in any 
one factorization is one time. We write 7 as a factor one time. 


2°2°3°3°3+3°5+7 
Since there are no other prime factors in any of the factorizations, the 


LCM is 2°2+3+3+3+3+5-+7, or 11,340. 


Do Exercise 9. > 9. Find the LCM of 24, 35, and 45. 
EXAMPLE 8 Find the LCM of 8 and 9. 
We write the prime factorization of each number. 
= 2:2:2, = 3-3 
Note that the two numbers, 8 and 9, have no common prime factor. When Find the LCM. 


this is the case, the LCM is just the product of the two numbers. Thus the 


LCM is 2°2+2+3+3, or 8:9, or 72. 10. 4,9 


Do Exercises 10 and 11. D> 11. 6,25 


EXAMPLE 9 Find the LCM of 7 and 21. 
We write the prime factorization of each number. Because 7 is prime, it 
has no prime factorization. 
7=7, 21 =3°7 
Note that 7 is a factor of 21. We stated earlier that if one number is a factor of 
another, the LCM is the larger of the numbers. Thus, the LCM is 7:3, or 21. Find the LCM. 
Do Exercises 12 and 13. D> 12. 3,18 13. 12, 24 


Let’s reconsider Example 7 using exponents. We write the prime factor- 
izations of 81, 90, and 84 using exponential notation. The largest exponents 
indicate the greatest number of times that 2, 3,5, and 7 occur as factors. 

Bl = 323-363 = 3 4 is the largest exponent of 3 in 
any of the factorizations. 

OD = 2135355 = 299955 1 is the largest exponent of 5 in 
any of the factorizations. 

84 = 2-2-3-7 =2°-3!-7!. 2 is the largest exponent of 2 
and | is the largest exponent of 
7 in any of the factorizations. 


Thus, the LCM is 2”-3*-5!+7!, or 11,340. 


EXAMPLE 10 Find the LCM of 25, 40, and 45 using exponential notation. 
a) Write the prime factorization of each number. 

15 = 55S SS, 

40 = 2-2-2-5 = 23-5, 

45 = 3+3+5 = 3°+5 


Answers 
9. 2520 10. 36 11. 150 12.18 13. 24 
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14. Use exponents to find the LCM 


of 24, 35, and 45. 


15. Redo Margin Exercises 6-8 


using exponents. 


Find the LCM 
primes. 


16. 81, 90, 84 
2D 
3 
3 


The LCM 
2,2 3)08)0Q}o 


17. 24, 35, 45 


18. 12,75, 80, 


Answers 


14, 23-3°-5-7, or 2520 15. 23-5, or 40: 
23+37+5, or 360; 2°-3°, or 864 16. 11,340 


using division by 


81 90 84 


81 


Zi 


g) 14 
is 
-14, or 


120 


17. 2520 18. 1200 


Guided Solution: 
16. 45, 42, 15, 14, 
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5; 5, 11,340 


b) Create a product with the prime factors 2, 3, and 5. Lining up all the pow- 
ers of 2, all the powers of 3, and all the powers of 5 can help us construct 
the LCM. 


= 5 
40=2)- 5 
B= B95 


The LCM is formed by choosing the greatest power of each factor, so the 
LCM = 23-3?-+5? = 1800. 
« Do Exercises 14 and 15. 


Method 3: Finding LCMs Using Division by Primes 


The third method is especially useful for finding the LCM of three or more 
numbers. 


Method 3. To find the LCM using division by primes: 


a) First look for any prime that divides at least two of the numbers 
with no remainder. Then divide, bringing down any numbers not 
divisible by the prime. If you cannot find a prime that divides 
at least two of the numbers, then the LCM is the product of the 
numbers. 


b) Repeat the process until you can divide no more —that is, until 
there are no two numbers divisible by the same prime. 


EXAMPLE 11 _ Find the LCM of 48, 72, and 80. 


We first look for any prime that divides any two of the numbers with 
no remainder. Then we divide. We repeat the process, bringing down any 
numbers not divisible by the prime, until we can divide no more—that is, 
until there are no two numbers divisible by the same prime: 


2 [48 72 80 

3 [24 36 40 

2 |_8 12 40 40 is not divisible by 3. 
2|.4 6 20 

Z 


2 310 


1 3°35 3 is not divisible by 2. 


No two of 1, 3, and 5 are divisible by the same prime. We stop here. The 
LCM is 


23°29 2°2° 1935, or 720. @ 


EXAMPLE 12 Find the LCM of 12, 18, 21, and 40. 
3 [12 18 21 40 ar 


2|4 6 7/40 


2[.2 3 |7,20 
1 3 ¥ 1 


No two of 1, 3, 7, and 10 are divisible by the same prime. We stop here. 
The LCM is 3-2+2+1+3+7-10, or 2520. 


<@ Do Exercises 16-18. 
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FOR 
EXTRA @) MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Determine whether each statement is true or false. 


RC1. The least common denominator of two fractions is the LCM of their denominators. 


RC2. If one number is a multiple of a second number, the larger number is the LCM of the two 
numbers. 


RC3. If two numbers have no common prime factor, then the LCM of the numbers is their product. 


RC4. LCMs cannot be found using prime factorizations. 


Concept Check Find the LCM of each set of numbers using the given prime factorizations. 


CCl. 6 = 2-3, CC2. 20 = 2-2-5, CC3. 6 = 2-3, 
15 = 3-5 24 = 2:2-2°-3 55 = 5-11 
CC4, 36 = 2-2:-3:-3, (CCR, 11) = Bowe}, CC6. 15 = 3:5, 
GOO = ZoBoRoBesod 20 = 2:2°5, 40 = 2:2:-2°5, 
1B = 3°55) 28 = 2:2°7, 
125 = 5-5-5 


a Find the LCM of each set of numbers. 


1. 2,4 2. 3,15 3. 10, 25 4. 10, 15 5. 20, 40 

6. 8, 12 7. 18,27 8. 9, 11 9. 30, 50 10. 24, 36 
11. 30, 40 12. 21,27 13. 18, 24 14. 12,18 15. 60, 70 
16. 35, 45 17. 16, 36 18. 18, 20 19. 32, 36 20. 36, 48 
21. 2,3,5 22. 3,5,7 23. 5, 18,3 24. 6, 12, 18 25. 24, 36, 12 
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26. 8, 16, 22 27. 5, 12,15 28. 12, 18, 40 29. 9,12, 6 30. 8, 16, 12 


31. 180, 100, 450, 60 32. 18, 30, 50, 48 33. 8, 48 34. 16, 32 35. 5,50 

36. 12,72 37. 11, 13 38. 13, 14 39. 12, 35 40. 23, 25 

41. 54, 63 42. 56, 72 43. 81, 90 44. 75, 100 45. 36, 54, 80 
46. 22, 42,51 47. 39, 91, 108, 26 48. 625, 75, 500, 25 49. 2000, 3000 50. 300, 4000 


Applications of LCMs: Planet Orbits. Jupiter, Saturn, and Uranus all revolve around the sun. Jupiter takes 12 years, 
Saturn 30 years, and Uranus 84 years to make a complete revolution. On a certain night, you look at Jupiter, Saturn, 
and Uranus and wonder how many years it will take before they have the same positions again. (Hint: To find out, you 
find the LCM of 12, 30, and 84. It will be that number of years.) 


Data: The Handy Science Answer Book 


51. How often will Jupiter and Saturn appear in the 
same direction in the night sky as seen from the 
earth? 


53. How often will Saturn and Uranus appear in the 
same direction in the night sky as seen from the 
earth? 


dy U1 | |. rrr rr 


6 
55. Multiply and simplify: 5 15. [2.6a] 


4 7 
57. Divide and simplify: 5 ot [27] 


59. Multiply: 2118 x 3001. [1.4a] 


MVE OSS. ccssctsecciasrsoseseigduia vac onecotvtsistanasbe dive osstanestntapasits het dootetnbecrienanbstandeinetegtheghedarell tbc aepeniesbanitaneeeeeatonns 


61. A pencil company uses two sizes of boxes, 5 in. by 
6 in. and 5 in. by 8 in. These boxes are packed in 


52. 


54. 


How often will Jupiter and Uranus appear in the 
same direction in the night sky as seen from the 
earth? 


How often will Jupiter, Saturn, and Uranus appear in 
the same direction in the night sky as seen from the 
earth? 


. Divide: 7865 + 132. [1.5a] 


. Add: 23,456 + 5677 + 4002. [1.2] 


. Subtract: 80,004 — 2305. [1.3a] 


. Consider 8 and 12. Determine whether each of the 


following is the LCM of 8 and 12. Tell why or why not. 


bigger cartons for shipping. Find the width and the a) 22-33 
length of the smallest carton that will accommodate b) 2-2-3 
boxes of either size without any room left over. (Each c) 


carton can contain only one type of box and all boxes 
must point in the same direction.) 
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2-33 
c) 2+2+2+3 
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Addition and Applications 


Bi ADDITION USING FRACTION NOTATION 


Find the prime factorization of a composite number. {2.1d] 
Find the prime factorization of each number. 
1. 96 2. 1400 
Answers: 1. 2-2-2-2-2-3 
Debs PLO POP OS O5) 97] 


MyLab Math 
VIDEO 


Like Denominators 


Addition using fraction notation corresponds to combining or putting like 
things together, just as addition with whole numbers does. For example, 


We combine two sets, each of 
which consists of fractional parts of 


one object that are the same size. This is the resulting set. 


1 1 1 
0 a Hs *% C as 
KY en) —— 
2 3 _ 5 
8 = 8 = 8 


2 eighths + 3 eighths = 5 eighths, 


1 1 1 2 3 
+ 3-— = 5-— oS 
or 2 8 3 8 5 3° or gt gs 


Do Exercise 1. > 


To add when denominators are the same, 


a) add the numerators, 


b) keep the denominator, oh 


vVoeoev Vv 

2 5 24+5 7 
6 6 6 

and ; 


c) simplify, if possible. 


EXAMPLES = Add and simplify. 
a a 7 ee 


3.2 


OBJECTIVES 


(a) Add using fraction notation. 


Db Solve applied problems 
involving addition with 
fraction notation. 


1 a 4 4 4 No simplifying is possible 
> 11 " 3 11+3 14 =#2:7~=27 1 7 7 Here we Add and simplify. 
"6 6 6 6 903 2 3 3.3 simplified. 5 9 ‘1 = 2 
ee 3.245 
3 38 FL 3t5_ 8 4:2 _4:2_=~«5 22 B LB 3 3 
~ ed 2 12 12 4:3 4 3 3. 3 1 9 3 
. 4.2 Re a 
Do Exercises 2-5. D 12 «12 16 = 16 
Answers 
4 14 1 3 
1. 5 2 B 31 4 2 5. 4 
SECTION 3.2 
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35 
ip eS 
8 6 


The LCD is 


Guided Solution: 
4 
7. 24; P 9, 20, 29 
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Different Denominators 

What do we do when denominators are different? We can find a common 
denominator by multiplying by 1. Consider adding 7 and 3. There are many 
common denominators that can be obtained. Let’s look at two possibilities. 


1 3 
arias are Berit 
2138 ae 
64°46 62° 43 
=? go" ~2,9 
24° 24 12 12 
22 mee 
~ 24°«12 ~ 12 


We had to simplify at the end in (A) but not in (B). In (B), we used the 
least common multiple of the denominators, 12, as the common denomi- 
nator. That number is called the least common denominator, or LCD. 


To add when denominators are different: 
a) Find the least common multiple of the denominators. That number 
is the least common denominator, LCD. 


b) Multiply by 1, using an appropriate notation, n/n, to express each 
number in terms of the LCD. 


c) Add the numerators, keeping the same denominator. 


d) Simplify, if possible. 


X 


EXAMPLE 4 Ada: “ + 7 


The LCD is 8. 4 is a factor of 8, so the LCM of 4 and 8 is 8. 
3. 13 1 This fraction already has the LCD 
+ “1+ 
4 - 4 8 as its denominator. 
32. 1 Think: 4 x |_| = 8. The answer is 2, so we 
Sie ‘ yey) 
42 8 multiply by 1, using 5. 
es 
6 1 7 
8 8 8 
1 5 
EXAMPLE 5 Add: 5 +e 


The LCD is 18. 9 = 3-3 and 6 = 2-3, so the LCM of 9 


and 6 is 2°3°3, or 18. 


- Think: 6 X [_] = 18. The 
answer is 3, so we multiply 
=e by ' using 3. 
—s Think: 9 X = 18. The 
answer is 2, so we multiply 
by 1 using 5. 


2 15 17 
=> —— + ees 
18 18 18 


<«@ Do Exercises 6 and 7. 


Fraction Notation and Mixed Numerals 


We may still need to simplify when using the LCD, but it is usually easier 
than when we use a larger common denominator. 


5 11 
EXAMPLE 6 = Add: a aa 


The LCD is 18. 9 is a factor of 18, so the LCM is 18. 
5 i115 ; 2 11 #10 = «11 


+—= += — + 
9°18 92° 18 18° 18 
21_3:7_ 37 


_ ane Simplifying 
~ 6 
1 7 
. pO TE aes 
Do Exercise 8. DB oe 6 618 
1 3 7 
E + a . 
EXAMPLE 7 Add Ta 
Since 10 and 100 are factors of 1000, the LCD is 1000. 
1 3 7 1 100 3 10 7 
+ + = + + + 
10 100 1000 10 100 100 10 ~~ 1000 
_ 100, 30 £ 7 — 137 
1000 =©1000 = =1000 ~—: 1000 
9. Add: ca pee a 
Do Exercise 9. > : "10 100 ~ 1000° 
13.11 8 
Beale aaa he 
EXAMPLE 8 Add 7° 217° 15 
We use prime factorizations to determine the LCM of 70, 21, and 15: 
70 = 2°5°+7, 21 = 3°7, 15 = 3:5. 
The LCD is 2:3+5-7, or 210. 
13 611) 8 13. 3 11 2:5 8 7=2 
+ + = . + ° + . 
WW 21° 15S 28537 BS 37 Zs 39). Fee 
The LCM of 70, 21, and 15 is 2:3-5-7. In each case, think of which 
factors are needed to get the LCD. Then multiply by 1 to obtain the 
LCD in each denominator. 
13-3 11-2°5 i 8-7-2 
2°9¢ 783 3079295 329° 7*2 
2 39 nm 110 ma 112 
2°3°5*7 2*3*5*7 2+3°5+7 
— 261 — 3+3+29 Pistoia dh , Add. 
3930507 7 2036507 actoring the numerator * a: 
_3 3:29 _ 3:29 _ 87 i a 
3.2:5:7 2:57 70 ‘a ee 
Do Exercises 10 and 11. > “18 24 36 
Answers 
5 413 347 7 
8. 9 9. 1000 10. 710 11. 8 
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12. Catering. A caterer prepares 
a mixed berry salad with i qt of 
strawberries, 7 qt of raspberries, 
and & qt of blueberries. What 
is the total amount of berries in 
the salad? 


1. 


. Translate. 


. Solve. 


Familiarize. Let T = the 
total amount of berries in the 
salad. 


To find the total 
amount, we add. 


sper eee 
‘Wn ICID) ss 

TE Pi} 5) 

des dh a0 

6 2 al 


Ge 


. Check. The answer is 


reasonable because it is 
larger than any of the indi- 
vidual amounts. 


5. State. The salad contains a 
total of qt of berries. 
Answer 
31 
12. 16 qt 
Guided Solution: 


4 
12. 8, 4, 16; 16; QP 14, 12, 31; — 
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31 
16 


CHAPTER 3 


cs 


bd APPLICATIONS AND PROBLEM SOLVING 


EXAMPLE 9 Construction. A contractor requires his subcontractors to 
use two layers of subflooring under a ceramic tile floor. First, the subcontrac- 
tors install a 3in. layer of oriented strand board (OSB). Then a Sin, sheet of 
cement board is mortared to the OSB. The mortar is jin. thick. What is the 
total thickness of the two installed subfloors? 


1. Familiarize. We first make a drawing. We let T = the total thickness 
of the subfloors. 


f Tins : 


ies. 


2. Translate. The problem can be translated to an equation as follows. 


Cement Total 
OSB plus Mortar plus board  is_ thickness 
Pt fb fu d 
3 1 1 
4 8 2 = 


3. Solve. To solve the equation, we carry out the addition. The LCM of 
the denominators is 8 because 2 and 4 are factors of 8. We multiply by 1 
in order to obtain the LCD: 


3 1 1 
—~+—+-=T 
4 8 2 
32, 1,14 
—e—- ++ -—--=T 
42 8 24 
6 1 4 
—~+—-+-7-=T 
8 8 8 
11 
—=T. 
8 


4. Check. We check by repeating the calculation. We also note that the 
sum should be larger than any of the individual measurements, which it 
is. This tells us that the answer is reasonable. 


5. State. 
<@ Do Exercise 12. 


The total thickness of the installed subfloors is in. 


Fraction Notation and Mixed Numerals 


FOR 
EXTRA @) MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Determine whether each statement is true or false. 


RC1. Before we can add two fractions, they must have the same denominator. 


RC2. To add fractions, we add numerators and add denominators. 


RC3. If we use the LCD to add fractions, we never need to simplify the result. 


RC4. Adding fractions with different denominators involves multiplying at least one fraction by 1. 


Concept Check Rewrite the fractions in each addition as equivalent fractions with the given LCD. Do not perform 
the addition. 


13 ca (Eber al 
ett — pee = +t = 
CC1 ie fe LCD = 20 CC2 oe LCD = 24 CC3, iY iG Pat LCD = 60 


@ = Add and simplify. 


L724 2243 3. +2 4,4 = s, 242 
i «ht sit e824 wisi 
2 +2 D7 +2 1B. +3 a +2 5.242 
16, 2 +2 17, + 18, + 9. 245 20, + 
21 atm 22, + 23,242 4,242 
ee ae 542 eee! 
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39. 


41. 


43. 


158 = CHAPTER3 


. Segway® Tour. 


.. 4 1 
ie = 
16°16 16 au 8 
> % 3 
a Le 
1D” 15 cade Tae 


On her Segway® tour of Chicago, 


Alexis rode mi fo the lakefront, then 7 3 mi along the 
beach, and then 3 mi through the park. ‘How far did 
she ride the Seaway? 


Caffeine. To cut back on their caffeine intake, 
Michelle and Gerry mix caffeinated and decaffein- 
ated coffee beans before grinding for a customized 
mix. They mix ; Ib of decaffeinated beans with 3 Ib of 
caffeinated beans. What is the total amount of eottee 
beans in the mixture? 


Culinary Arts. The campus culinary arts depart- 
ment is preparing brownies for the international 
student reception. Students in the aaa program 
iced the }-in. (i5") brownies with a 3-in. (3 ") layer 
of butterscotch icing. What is the thickness ‘of the iced 
brownie? 


ry 


A tile 2 in. thick is glued to a board { in. thick. The glue 
is in. thick. How thick is the result? 


Fraction Notation and Mixed Numerals 


31. 


35. —— 


38. 


40. Purchasing Tea. 


42. 


44. 


8 7 4 1 2 3 


+ ~ 32, —+ + 
10. 100 = 1000 10 100 = 1000 
6,7 9 654247 
24 36 48 7 52 4 


Volunteering. For a community project, an earth 
science class volunteered one hour per day for three 
days on the state highway beautification project. The 
students collected trash along a é-mi stretch of highway 
the first day, a 5 g-mi stretch the second day, anda 5-mi 


stretch the third day. How many miles along the fiiol 
way did they clean? 


Alyse bought } lb of orange pekoe 
tea and $ Ib of English cinnamon tea. How many 
pounds of tea did she buy? 


Carpentry. A carpenter glues two kinds of plywood 
ss aa He glues a Fin. (F ’) piece of cherry plywood to 


a 3. in. (?’ ’) piece of less expensive plywood. What is the 
total thickness of these pieces? 


Ol BIR 


A baker used 5 lb of flour for rolls, | 4 lb for donuts, and 
L 3 lb for Moores How much flour was used? 
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45. 


Meteorology. On Monday, April 15, it rained 5 in. in 
the morning and } in. in the afternoon. How much did 
it rain altogether? 


47. Hiking. A park naturalist hiked 3 mi to a lookout, 


49. 


Skill Maintenance 
51. 


53. 


Synthesis 


another is mi to an osprey’s nest, and finally ; mitoa 
campsite. How far did the naturalist hike? 


Culinary Arts. A recipe for strawberry punch calls 
for ; qt of ginger ale and qt of strawberry soda. How 
much liquid is needed? If the recipe is doubled, 

how much liquid is needed? If the recipe is halved, 
how much liquid is needed? 


Serving of Cheesecake. At the Cheesecake Factory, 
a piece of cheesecake is b of a cheesecake. How much 
of the cheesecake is 5 piece? [2.6b] 


Data: The Cheesecake Factory 


Honey Production. In 2016, 161,882,000 lb of 
honey was produced in the United States. The two 
states with the greatest honey production were 
North Dakota and South Dakota. North Dakota 
produced 37,830,000 Ib of honey, and South Dakota 
produced 19,880,000 Ib. How many more pounds of 
honey were produced in North Dakota than in South 
Dakota? [1.8a| 


Data: U.S. Department of Agriculture 


| 


46. 


48. 


50. 


54. 


Medicine. Janine took t g of ibuprofen before 
lunch and 5 g after lunch. How much did she take 
altogether? 


Triathlon. A triathlete runs i mi, canoes F mi, and 


swims h mi. How many miles does the triathlete 
cover? 


Construction. A cubic meter of concrete mix con- 
tains 420 kg of cement, 150 kg of stone, and 120 kg of 
sand. What is the total weight of a cubic meter of the 
mix? What part is cement? stone? sand? Add these 
fractional amounts. What is the result? 


. Milk Production. 


Holstein’s Dairy produced 
4578 oz of milk one morning. How many 16-0z 
cartons could be filled? How much milk would 
be left over? [1.8a] 


Community Garden. The Bingham community 


garden is to be split into 16 equally sized plots. If the 
garden occupies ; acre of land, how large will each plot 
be? [2.7d] 


55. A guitarist’s band is booked for Friday and Saturday nights at a local club. The guitarist is part of a trio on Friday and 
part of a quintet on Saturday. Thus, the guitarist is paid one-third of one-half the weekend’s pay for Friday and one-fifth 
of one-half the weekend’s pay for Saturday. What fractional part of the band’s pay did the guitarist receive for the 
weekend’s work? If the band was paid $1200, how much did the guitarist receive? 
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3.3 


OBJECTIVES 
fa] Subtract using fraction 
notation. 


Ly Use < or > with fraction 
notation to write a true 
sentence. 


| Solve equations of the type 
x +a=banda+x=b6, 
where a and b may be fractions. 


da Solve applied problems 
involving subtraction with 
fraction notation. 


Subtract and simplify. 


eee 10 4 
“8 8 "16 16 
8 3 
3. 50 io 
Answers 
il 3 dk 
Ls 2s 3.5 
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a SUBTRACTION USING FRACTION NOTATION 


Like Denominators 
Let’s consider the difference $ — 2. 


We start with ; 
4 


8 


— 
UL 
<a Ww 


and take away 2 to end up with £. 
V3 P 8 


We start with 4 eighths and take away 3 eighths: 
4 eighths — 3 eighths = 1 eighth, 
1 a ak 


Subtraction, Order, and Applications 


To subtract when denominators are the same, 


a) subtract the numerators, a. 
7 4 7-4 
b) keep the denominator, - = a, 


and 


c) simplify, if possible. 


EXAMPLES = Subtract and simplify. 
a DS os 7 


LoD i 12 

5 ISS SD 8 
io 10 410“ = OS 5 

3, 8_2_~8-2_6_2:3_23_2,_2 
9 9 9 , 33° 3.5 53 5 


< Do Exercises 1-3. 


Different Denominators 


To subtract when denominators are different: 


is the least common denominator, LCD. 


number in terms of the LCD. 


d) Simplify, if possible. 


a) Find the least common multiple of the denominators. That number 
b) Multiply by 1, using an appropriate notation, n/n, to express each 


c) Subtract the numerators, keeping the same denominator. 


Fraction Notation and Mixed Numerals 


EXAMPLE 4 Subtract: 7 _ : 


The LCM of 5 and 8 is 40, so the LCD is 40. 


2 3 2.8 3.5. Think: 8 x (| = 40. The answer is 5, 
5 8 58 85 so we multiply by 1, using 2, 


Think: 5 X = 40. The answer is 8, 


so we multiply by 1, using S 
16 615 «616-15 1 
40 40 40 40 


Do Exercise 4. > 


5 7 
EXAMPLE 5 Subtract: ac 
Since 12 is a multiple of 6, the LCM of 6 and 12 is 12. The LCD is 12. 
> f/f 34 7 
6 12 62 12 
10 7 10-7 3 


Do Exercises 5 and 6. > pcs) 5. ae 


17 4 
EXAMPLE 6 = Subtract: A 4s 
We use prime factorizations to determine the LCM of 24 and 15: 

24 = 2-2-2:3, 

15 = 3:5. 
The LCD is 2-2+2-+3>5, or 120. 

W774 175 4 2:2:2 

24. 15. 2e2*2°3 5 355 22-2 

fh ik 


The LCM of 24 and 15 is 2-2-2-3-5. In each case, 
we multiply by 1 to obtain the LCD. 


ATS 4+2+2°2 
Dee VeG5 94522992 
85 32.~—«53 


Do Exercise 7. > 


1) orDER 


Use < or > for |_]to write a true sentence. {1.6c] 


Use < or > for|_|to write a true sentence. 
1. 218|_|128 7, A) 61 


MyLab Math 
VIDEO 


Answers:1. > 2. < 


SECTION 3.3 


3. 1 
4. Subtract: — — =. 
ubtrac as 


Subtract. 


1 
6 9 

The LCD is 

5 eel 


69:0 603 25 


Ss 
Un| os 
| 
Sle 


11 5 
7. Subtract: — —- —. 
28 16 
Answers 
4, 2 5. = 6. : A : 
12 18 2 112 
Guided Solution: 


Sa 18; =, 15, 2, 13 
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161 


8. Use < or > for to write a 
true sentence: 


Sins 
oe 


| 
aa 


9. Use < or > for L] to write a 
true sentence: 


T 6 
10 — 10° 


Use < or > for |_| to write a true 
sentence. 


2 5 
10. = = 
f 3 L 8 
3 8 
11, — a 
4 a 12 
5 V 
1D = oa 
6 & 8 
The LCD is 
:_ = 
6 24 
me __| 
8 24 
Since 20 21, it follows that 
20 ~ 21 
24 24 
5 7 
Thus, — = 
us, 6 8 
Answers 
8 < 9 > 10.> 11> 12.< 
Guided Solution: 


12. 24; 20, 21; <,<;< 


When two fractions share a common denominator, the fractions can be 
compared by comparing numerators. 


; 4.3 

Sinced> 35> 5 | 

ee , 6=6srs anv 
3<4—-< > 5 

Since 5 5 


To compare two fractions that have a common denominator, com- 
pare the numerators: 
o. #4. 2. 6 


Ss <s 
eo ae’) 


< Do Exercises 8 and 9. 


When denominators are different, we cannot compare numerators until 
we multiply by 1 to make the denominators the same. 


EXAMPLE 7 Use < or > for [J to write a true sentence: 
2 3 


5 4 


The LCD is 20. We rewrite each fraction as an equivalent fraction with 
a denominator of 20. 


2 3 
5, 
We multiply by 1 24 5% We multiply by 1 
4 . . 5 
using 4 to get the LCD. e 5 4 LI 45 using 5 to get the LCD. 
8 15 
20 139 


Now that the denominators are the same, 20, we can compare the numerators. 
Since 8 < 15, it follows that 3 < #2 so? < 3. e 
EXAMPLE 8 Use < or > for [to write a true sentence: 


9 8 
10 100° 


The LCD is 100. We write ;5 with a denominator of 100 to make the 
denominators the same. 


er) 
10 100 
10 
We multiply by tt eet 5 9 10 89 
the LCD. 10 10 100 
0 5 8 
100 100 


Since 90 > 89, it follows that 74) > 7), 80 79 > tho 


<@ Do Exercises 10-12. 
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(©) SOLVING EQUATIONS 


Now let’s solve equations of the form x + a = bora + x = b, where a and 
b may be fractions. Proceeding as we have before, we subtract a on both 
sides of the equation. 


1 3 
EXAMPLE 9 Solve: x + 7 
1 1 1 it 
x + rae | = : ee Subtracting gon both sides 
ge a iS The LCD is 20. We multiply by 
ad “54 45 1 to get the LCD. 
pee oe Solve 
om tee 13 oe a ae a 
oe X a ee ee oo oe = 
Do Exercises 13 and 14. > 3 6 5 8 


da APPLICATIONS AND PROBLEM SOLVING 


EXAMPLE10 JHoneybees. A colony of honeybees is made up of one queen, 
hundreds of drones, and thousands of worker bees. Each type of honeybee looks 
different and is a different size. The average length of each type is illustrated in 
the graph at right. How much longer, on average, is a queen bee than a drone? 


1. Familiarize. From the graph, we see that the average length of a queen 
bee is } in. and the average length of a drone is $ in. We let b = the 
length by which a queen bee is longer than a drone. 


2. Translate. We translate to an equation. Lengths of Honeybees 
Length of Additional Length of 
drone plus length is queen Worker 

ne rs nn 

2 b 3 Drone 

_ + = = 

3 4 

Queen 


3. Solve. To solve the equation, we subtract } on 
both sides: 


2 te 2 Average length (in inches) 
3 4 DATA: Washington State University 
2 2 3 2 2 
3 +b-— 3 = 4.3 Subtracting 3 on both sides 
4x HS 3.3 2.4 — The LCD is 12. We multiply 
“43 34 by 1 to obtain the LCD. 
9 8 
b=a- aS 
12 12 
1 
b=—. 
12 15. Honeybees. Use the graph in 
4. Check. To check, we add: Bxample 1) vo Bnd Now mitch 
shorter, on average, a worker 
24 1.2 uae 1 8 % 1 9 3°3 33 3 1 3 bee is than a drone. 
3°22 34° 2 2°12 12 4:3 #43 4 4 
5. State. On average, a queen bee is ;5 in. longer than a drone. Answers 
1 11 1 
Do Exercise 15. > 13.5 14.7, 15. Gin 
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Translating 
for Success 


1. Packaging. One-Stop Postal 6. Cutting Rope. A piece of 


Center orders bubble wrap 

in 64-yd rolls. On average, 

3 yd is used per small package. 
How many small packages 
can be prepared with 2 rolls 
of bubble wrap? 


2. Distance from College. The 


post office is § mi from the 
community college. The med- 
ical clinic is ¢ as far from the 
college as the post office is. 
How far is the clinic from the 
college? 


. Swimming. Andrew swims 
j mi every day. One day he 
swims 2 mi by 11:00 a.m. How 
much farther must Andrew 
swim to reach his daily 


goal? 


. Tuition. The average tuition 
at Waterside University is 
$12,000. If a loan is obtained 
for ; of the tuition, how much 
is the loan? 


. Thermos Bottle Capacity. 

A thermos bottle holds 7 gal. 
How much is in the bottle 
when it is 7 full? 


The goal of these matching questions 


is to practice step (2), Translate, of 


the five-step problem-solving process. 


Translate each word problem to an 


equation and select a correct transla- 


tion from equations A-O0. 
A. 7°64 =x 


B. 3°12,000 = x 


+ 


*x = 12,000 


i) 2 = 
le Boar ea et = Al 


Answers on page A-5 


rope 1 yd long is cut into 
two pieces. One piece is ; yd 
long. How long is the other 
piece? 


7. Planting Corn. Each year, 


Prairie State Farm plants 

64 acres of corn. With good 
weather, 3 of the planting can 
be completed by April 20. 
How many acres can be 
planted by April 20 with good 
weather? 


8. Painting Trim. A painter 


used gal of white paint for 
the trim in the library and 

2 gal for the trim in the family 
room. How much paint was 
used for the trim in the two 
rooms? 


9. Lottery Winnings. Sally 


won $12,000 in a state lottery 
and decided to give the net 
amount after taxes to three 
charities. One received ; of 
the net amount, and a second 
received 3. What fractional 
part of the net amount did the 
third charity receive? 


10. Reading Assignment. When 


Lowell had read 64 pages of 
his political science assign- 
ment, he had completed 

3 of his required reading. 
How many total pages were 
assigned? 


FOR 
EXTRA @ MyLab Math 
j HELP 


v Check Your Understanding 


Reading Check Complete each statement with the appropriate word or words from the following list. A word may 
be used more than once or not at all. 


denominator numerator 
denominators numerators 
RC1. To subtract fractions with like denominators, we subtract the and keep the 


RC2. To subtract fractions when denominators are different, we find the LCM of the 


RC3. To subtract fractions when denominators are different, we multiply one or both fractions by 1 to make the 
the same. 


RC4. To compare two fractions with like denominators, we compare their 


Concept Check Find the LCM of the denominators of each pair of fractions. 


3 il WS le 7 17 109 
iL = ny = : —= ‘ay eee 
oe 8 16 ce 10’8 cS iil” 1 ces 90’ 120 
@ Subtract and simplify. 
34 53 ui2 mu  .34 20 4 
“6 6 8 8 12 12 18 18 4 8 “3 9 
1 1 1 1 4 5 7 1 3 3 2 2 
3 bp SE 8 a 0. 3 16 UU. 7 58 RS 45 
3 3 5 1 3 1 3 4 5: 2 9 11 
6 7 9 3 7 3 18 4 99 9 78 11 
19. 0 = 100 20. 10 100 21. 15 35 22. 35 = 35 23. 100 = 10 24. 100 = 30 
2 1 3 1 3 il 5 2 5 3 7 2 
25... > > as ee Me oe ee a ee ean i 
: 3 8 ” 4 2 oe 5 2 cae 6 3 a 12 8 a 12 9 
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b Use < or > for |_| to write a true sentence. 


5 6 7 5 1 1 1 1 2 5 
7. = = Sas = eS = 40. = = 41. = = 

? 8 8 si 9 9 = 3 4 ” 8 LI 6 é) 7 
3 4 4 5 3 7 19 4 5 13 

42. = = 43. — = 44, — rs 45. — = 46. — = 
5) ii 5 U 6 2 5 20 5 6 U 16 
19 9 3 11 31 41 12 132 

47, — a 48. — at 49, — _ puna petted 
20 U io 8 7 UG5 % 3, 3 50. > U4 

ca Solve 

ape 2. yt+a=— 3, 24+1=2 
* "30 10 ree 2 a eae 

54. — + 55. x + : 56. m + : 
= =e ~xtr=s . ~=_— 

ae: 3 6 6 10 

da Solve. 

57. For a research paper, Kaitlyn spent 3 hr searching 58. As part of a fitness program, Deb swims 5 mi every 
on google.com and ; hr on chacha.com. How many day. One day she had already swum ; mi. How much 
more hours did she spend on google.com than on farther did Deb need to swim? 
chacha.com? 

59. The tread depth of an IRL Indy Car Series tire is is 60. Ash uses } lb of fresh mozzarella cheese and § Ib of 
37 in. Tires for a normal car have a tread depth of 7¢ in. grated Parmesan cheese on a homemade margherita 
when new and are considered bald at 7¢ in. How much pizza. How much more mozzarella cheese does he use 
deeper is the tread depth of an Indy Car tire than that than Parmesan cheese? 
of a bald tire for a normal car? 

3. -* Parmesan 
pin. cheese 


Mozzarella 
cheese 


DATA: Indy500.com; Consumer Reports 
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61. Froma 4-Ib wheel of cheese, a lb piece was served. 62. From a dispenser containing 2 cup of icing, a baker 
How much cheese remained on the wheel? puts is cup on a cinnamon roll. How much icing 
remains in the dispenser? 


63. Ata party, three friends, Ashley, Cole, and Lauren, 64. A small community garden was divided among four 
shared a big tub of popcorn. Within 30 min, the tub local residents. Based on the time they could spend 
was empty. Ashley ate z of the tub while Lauren ate on their garden sections and their individual crop 
only } g of the tub. How much did Cole eat? plans, each resident received a different-size plot to 


tend. one received ; of the garden, the second 7 ig, and 
the third 3 of the panden How much did the fourth 
gardener rece! 


Phases of the Moon. The moon rotates in such a way 
that the same side always faces the earth. Throughout a 
lunar cycle, the portion of the moon that appears illumi- 
nated increases from nearly none (new moon) to nearly 
all (full moon), then decreases back to nearly none. These 
phases of the moon can be described by fractions between 
0 and 1, indicating the portion of the moon illuminated. 
The partial calendar from August 2013 shows the fraction 
of the moon illuminated at midnight, Eastern Standard 
Time, for each day. 


65. How much more of the moon appeared illuminated on 
August 18, 2013, than on August 15, 2013? 


DATA: Astronomical Applications Department, 
U.S. Naval Observatory, Washington, DC 20392-5420 


66. How much less of the moon appeared illuminated on 
August 31, 2013, than on August 23, 2013? 


SkiLL Maimtemance oi ccc ce ccc cece estes neste teseeiseesesisiesisresisrasiesisiesiseisssissesisrisseisesiensenenees 
Divide, if possible. If not possible, write “not defined.” [1.5a], [2.3b] 


67. = 68 ete 69 = 70 = 
38 "0 "0 "31 
Divide and simplify. [2.7b] Multiply and simplify. [2.6a] 
3. 9 1 2 7 5 
71. 7° 4 72. ria 73. ae 74. 10 14 
MS, ica arctan ceteccp ees cheer tet ee ecard eee ee 
Solve. 
16 10 7 12 
Tl fe ae 76. () x + — = —— 
8. Bx + 355 187 6 + * 953 ~ 299 
77. As part of a rehabilitation program, an athlete must 78. Mountain Climbing. A mountain climber, beginning 
swim and then walk a total of 5 7p km each day. If one at sea level, climbs 5 2 km, descends } km, climbs 3 km, and 
lap in the swimming pool is a km, how far must the then descends 4 km. At what elevation does the climber 
athlete walk after swimming 10 laps? finish? 


Simplify. Use the rules for order of operations. 


7 1 5 2 1 2) a\7 3 1 24 
Pose xS . sto ele] +l- ~5X5-=xX= 
79 ¢ 10% 80. 5° 6 3 81 (2) (3) 82. 5 


83. Microsoft Interview. The following is a question taken from an employment interview with Microsoft. Try to answer it. 
“Given a gold bar that can be cut exactly twice and a contractor who must be paid one-seventh of a gold bar every day 
for seven days, how should the bar be cut?” 


Data: Fortune Magazine, January 8, 2001 
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3.4 


OBJECTIVES 


a Convert between mixed 
numerals and fraction notation. 


{B Divide whole numbers, writing 
the quotient as a mixed 
numeral. 


Convert to a mixed numeral. 


Lia = Oo 
3 [ 
Stata? 
1 ot ot 1 ot 
3 3 3 3 3 
Ne \- X 7 
1 2 
3 
22+ = O 
[ 
2 
3. 12S 
7 
Answers 
2 3 2 
1. 13 227 3. a 
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Mixed Numerals 


(@) MIXED NUMERALS 


The following figure illustrates the use of a mixed numeral. The bolt shown 
is 22 in. long. The length is given as a whole-number part, 2, and a fractional 
part less than 1, 3. We can also represent the measurement of the bolt with 
fraction notation as a but the meaning or interpretation of such a symbol 
is less understandable or less easy to visualize than that of mixed numeral 
notation. 


i LC TTTPTTRRTTEEPTTETTEETTEETTTETTTTTTTTT TTT TTT 


col < 


A mixed numeral like 2} represents a sum: 


3 3 
23 means 2 + 3 


This is a whole number. This is a fraction less than 1. 


EXAMPLES Convert to a mixed numeral. 
2 2 3 3 
p44 o=72 ~44 54> 
a 5 q 5 are 10 : 10 


< Do Exercises 1-3. 
The notation 23 has a plus sign left out. To aid in understanding, we 
sometimes write the missing plus sign. This is especially helpful when we 


convert a mixed numeral to fraction notation. 


EXAMPLES Convert to fraction notation. 


3 3 
3. 2 4 =2+ 4 Inserting the missing plus sign 

2.3 2 
1 4 1 
24 3 get : 

=r + — Finding a common denominator 
14 4 
8 3. 11 

=—+4+- => — 
4 4 4 


Fraction Notation and Mixed Numerals 


4,.4—=4+4+ =—4+ = a = 4 = Convert to fraction notation. 
10 10 1 10 1 10 £10 10 10 10 ) 1 
4. 4— - 6— 

Do Exercises 4 and 5. D> 5 : 10 


We can streamline the process of converting a mixed numeral to fraction 


notation. 
Convert to fraction notation. Use 
To convert from a mixed numeral to fraction notation: the faster method. 
(@) Multiply the whole number by the ©) 7. ‘a aD 
denominator: 4:10 = 40. @ 10 10<— © cs) Po 3 
(©) Add the result to the numerator: 6 
40+ 3 = 43. 4-6 = 
(©) Keep the denominator. 2A ap BB = 29 
u ae _ ~ 
EXAMPLES Convert to fraction notation. 
2 20 
560 6-3 = 18,18 + 2 = 20 > 
I De 8. 20> 
2 74 . 3 
6. 8- = — 8-9 = 72,72 + 2 = 74 
9 9 9 
91> 
Do Exercises 6-9. D 13 
Writing Mixed Numerals 
We can find a mixed numeral for 3 as follows: 
5 3 2 
= >+>=1+ = 1 = 
3. 3° 3 3 3 
In terms of objects, we can think of 3 as 3, or 1, plus 3, as shown below. 
as: ae 
——_.,—__/ —_,—_ 
3 = 3, or 1 oe 5 
Fraction symbols like 3 also indicate division; } means 5 + 3. Let’s divide the 
numerator by the denominator. 
1 
3)5 
3 
2<-2+3=}3 
Thus, 3 = 13. 
To convert from fraction notation to a mixed numeral, divide. 
The divisor 
13 2 —— The quotient Answers 
5 5)13 22 61 29 37 
) chan 4 3 i fe de 
_ 5<— a= 
3 —— The remainder ——————__ eB 13 
L J Guided Solution: 
6. 24,5, 29 
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Convert to a mixed numeral. 


10. = 
2 
i 
6 
il 
_g® 
3 
11 110 
11. 10 12. ta. 
229 
13. —— 
18 


Divide. Write a mixed numeral for 
the answer. 


14.6)4846 


15.45)6053 


Answers 


13. 12 


14. 8072 15. 13422 
3 45 


Guided Solution: 
1 
10. 3)7, 25 
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bcs 


EXAMPLES Convert to a mixed numeral. 


69 6! 6 bie 


70 3610769 ©6910 “10 


< Do Exercises 10-13. 
A fraction larger than 1, such as 2, is sometimes referred to as an 
“improper” fraction. We will not use this terminology because notation such 


as =, 4, and a is quite “proper” and very common in algebra. 


Db WRITING MIXED NUMERALS FOR QUOTIENTS 


Divide whole numbers. |1.5a| 
Divide. 
ik, WES = 16 2523) RonomenS 


Answers: 1.45 R15 2.261 R 20 
VIDEO 


It is quite common when dividing whole numbers to write the quotient using 
a mixed numeral. The remainder is the numerator of the fraction part of the 
mixed numeral. 


EXAMPLE 9 Divide. Write a mixed numeral for the answer. 
4278915 
We first divide as usual. 


212 
42)8915 
8 4 
51 
42 42 42 
95 
8 4 
11 
The answer is 212 4. 
Do Exercises 14 and 15. 


Fraction Notation and Mixed Numerals 


FOR 
3.4 a @) MyLab Math 


v Check Your Understanding 


Reading Check Determine whether each statement is true or false. 


RC1. A mixed numeral consists of a whole-number part and a fraction less than 1. 


RC2. The mixed numeral 5} represents 5 + }. 
RC3. It is never appropriate to use fraction notation such as Bo 


RC4. When a quotient is written as a mixed numeral, the divisor is the denominator of the fraction 
part (assuming that the fraction has not been simplified). 


Concept Check Use the results of the accompanying division to convert each fraction to a mixed numeral. 


cc1. = = cen = ces = 
8 23 
3 12 2 6 
i 2)3e7 8)9 9 2, 3 )6ES) 
36 8 46_ 
1 19 159 
16 tes 
3 al 


a Solve. 


1. Stone Walkways. In order to construct a stone paver 


2. Greenhouse Dimensions. A community college 


walkway, Cheryl ordered 5 tons of light-colored 
fieldstone pavers for the main portion of the walkway, 
1; tons of dark-colored stone pavers for edging, and 1} 
tons of slab-type stones for steps. Convert 25, 14, and 
13 to fraction notation. 


Data: The Art and Craft of Stonescaping, David Reed (Sterling Pub. 
Co., 2000) 


horticulture department builds a greenhouse that 
measures 324 ft x 202 ft x 113 ft. Convert 323, 202, 
and 113 to Pion nSHanON, 
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3. 


Quilt Design. A quilt design requires three different 
fabrics. The quilter determines that she needs u yd 

of a dominant fabric, » yd of a contrasting fabric, and 

2 yd of a border fabric. Convert 47, 2, and 3 to mixed 
numerals. 


Convert to fraction notation. 


5. 53 6. 33 

9. 0s 10. 20 

13. 20 14. 30 

17. = 18. 6= 

21. 125 22. 15 ; 

25. 2 26. 5 

29, 5= 30. 84 

Convert to a mixed numeral. 

33. ° 34, a 35. : 
38. “ 39, = 40. ~ 
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Fraction Notation and Mixed Numerals 


4. 


11. 


15. 


19. 


23. 


27. 


31. 


Bake Sale. The Valley Township Fire Department 
organized a bake sale as a fund-raiser for the local 
library. Each pie was cut into 8 pieces and each 
cake into 12 pieces. Sales totaled 73 pieces of pie, or 
= pies, and 55 pieces of cake, or 73 cakes. Convert e 


and a to mixed numerals. 


3 : 8. 6 

5 -- 12.9 - 

9 ; 16. 8 : 

13 20. 13 

4 = 24, 5 J 

665 28. 33 : 

101 - 32. 205 
36. . 37. 2 
Al. “ 42. ~ 
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43. — 44, — 45. — 46. — 47. 7 


50. —— 51. — 52. — 


bd Divide. Write a mixed numeral for the answer. 


53.8) 869 54.3)2126 55.5)3091 56.9)9110 
S20) 852 58. 85)7670 59.102)5612 60.46)1081 
61.35) 80,243 62.152)26,107 


SKULL Maite mame oii ccccccccccceccccccccecccceseeecssvseseesvessesevessevesesssvsssvssvstvatsevssvavssvssvasstvsstatvevesveteevseeess 


63. Round to the nearest hundred: 45,765. [1.6a| 64. Round to the nearest ten: 45,765. [1.6a] 
Simplify. [2.5b] Use < or > for [J to write a true sentence. [1.6c] 
200 63 
65. 375 66. 75 67. 1000 LJ 1010 68. 510 
Use = or # for [] to write a true sentence. [2.5c] Find the reciprocal of each number. [2.7a] 
3.— 6 7 —2 9 1 
. —L] — Seals 71. — 72. — 
ve 8 ~ 16 a 10 3 7 8 


Solve. [1.7b] 


73. 48:t = 1680 74, 10,000 = m + 3593 
EVENS Uy ces§ args ecoucoteseccsonnte daesoeso ay soms esters ator a tte ace tegen sath ee needed Bseeeap 
Write a mixed numeral. 
= 128,236 103,676 56 2 72 5 
. Be — . . +8 pee 
75. & 541 76. & 349 u 7 3 ” 12 6 
79. There are — weeks in a leap year. 80. There are — weeks in a year. 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. iis S = b#0,thena>c. [3.3b] 


2. Mixed numerals represent numbers larger than 1. [3.4a] 


3. The least common multiple of two natural numbers is the smallest number that is a factor 
of both. [3.1a] 


4. To add fractions when denominators are the same, we keep the numerator and add the 
denominators. [3.2a| 


Guided Solutions 


bcs) Fill in each blank with the number that creates a correct solution. 


11 
Sb Slloiimer —= 


mp 35° [3.3a] 
7 = = 2. ms 7 2 7 Factoring the denominators 
75 = 7 ( ) = 7" (3 >) Multiplying by 1 to get the LCD 
Gi “- : a 3 Multiplying 
Simplifying 


TD esosey | dosage 


73°5°7 Subtracting and simplifying 


i 
6. Solve: x + Ae [3.3c] 

Hees 
3 
2 ; : 

ese = = aa Subtracting on both sides 

2} 1 oie 

x+0= ef Multiplying by 1 to get the LCD 

= aon Simplifying and multiplying 
x=— Subtracting 
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Mixed Review 


7. Match each set of numbers in the first column with its least common multiple in the second column by drawing 


connecting lines. [3.1a] 


45 and 50 

50 and 80 120 
30 and 24 720 
18, 24, and 80 400 
30, 45, and 50 450 


Calculate and simplify. [3.2a], [3.3a] 


1 7 Sy 2 i, 
a oe ~.otsta 
8 5 45 ? 6 3 i2 
1) lil 3. 16 
= ee 
2 48 30 = qT WW 
Solve. 


16. Miguel jogs for : mi, rests, and then jogs for another 
mi. How far does he jog in all? [3.2b] 


a 3) 2 
18. Arrange in order from smallest to largest: 9 10°7° 


il 
and 5 [3.3b] 


20. Divide: 15)263. Write a mixed numeral for the 
answer. [3.4b] 


22. Which of the following is mixed numeral notation 
for 2? [3.4] 
1 4 3 


3 
A. 357 B. 39 C. 97 D. 367 


Understanding Through Discussion and Writing 


23. Is the LCM of two numbers always larger than either 


number? Why or why not? [3.1a] 


25. A student made the following error: 


Find at least two ways to convince him of the 
mistake. [3.3a] 


10. 


14. 


17. 


19. 


21. 


24. 


26. 


2 il 5 il 
= aS 1 
9 6 I 118 
a) 2 
ae = 1 . = 
720 = 24 ; 65 35 
One weekend, Kirby spent 2 hr playing two games— 


Brain Challenge and Scrabble. She spent u hr playing 
Scrabble. How many hours did she spend playing Brain 
Challenge? [3.3d] 


2 9 
Solve: 5 +x = 16: [3.3c] 


Which of the following is fraction notation for 9 3? 
[3.4a] 

2 95) 1D 80 
A. 3 B. 7 C. 3 D. a 


Explain the role of multiplication when adding using 
fraction notation with different denominators. [3.2a| 


Are the numbers 25 and 2- 5 equal? Why or why 
not? [3.4a] 
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STUDYING FORSUCCES Taking a Test 


Read each question carefully. Know what the question is before you answer it. 
Try to do all the questions the first time through, marking those to recheck if you have time at the end. 
Pace yourself. 


OOO0 


Write your answers in a neat and orderly manner. 


3 5 Addition and Subtraction Using 
® 


Mixed Numerals; Applications 


OBJECTIVES 


a Add using mixed numerals. 
Db Subtract using mixed numerals. 


Cc Solve applied problems 
involving addition and 
subtraction with mixed 

numerals. 


cs ADDITION USING MIXED NUMERALS 


Simplify fraction notation. |2.5b] 
Simplify. 


18 18 
32 * iil? 


MyLab Math 
VIDEO 


To add mixed numerals, we first add the fractions. Then we add the whole 
numbers. 


EXAMPLE 1 = Add: 13 + 33. Write a mixed numeral for the answer. 


ia- B 
8 8 
1 1 
+3 +By — 
8 8 
6 6 3 
= 4 = = 
8 8 4 
(| Ce eee ae 
i | Simplifying: 3 4 
Add the fractions. Add the whole numbers. @ 


Sometimes we must write the fractional parts with a common denomi- 
nator before we can add. 


EXAMPLE 2 Add: 53 + 32. Write a mixed numeral for the answer. 


Add 2 ® 4 : 
‘ so ‘ ‘ 2 7 = a5 The LCD is 6. 
10 ° 5 5 5 
+3 > =+3-— 
a5 ee 6 6 
10 10 9 9 
8-=8+—- 
6 6 
Answers 1 
. i =8+1-=9- 7=2=15 
1. 7S 2... 12 2 
5 10 


«@ Do Exercises 1 and 2. 
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EXAMPLE 3 Add: 10? + 73. 
The LCD is 24. 


5 4l 20 
10 a a7 10 A 
3 3 9 
+ —e— = + — 
i &) 3) 104 
29 29 
—_— =— + a 
ve 24 a 24 
rece) ; 3. Add. 
-~1741 5S Writing 3 de mixed 
24 numeral, 157 9 a 
5 4 
= 18— 
24 +3 ¥ 
Do Exercise 3. > — 
() SUBTRACTION USING MIXED NUMERALS 
Subtraction of mixed numerals is a lot like addition; we subtract the fractions 
and then the whole numbers. 
EXAMPLE 4 Subtract: 7} — 2}. 
3 3 
7 a 7 4 
1 1 
4 4 
2 2 1 
4 Jae) 
I se oth 
Sump aay 4 2 Subtract. 
Subtract the Subtract the 7 
fractions. whole numbers. e 4. 105 
EXAMPLE 5 Subtract: 92 — 35. _ 93 
The LCD is 10. — = 
4 8 
"52° “10 pcs) 
Bp 3 10 S == B= 
5 
3 t : a - 3 
22 “ a 
gs. re 
10 3— 
Do Exercises 4 and 5. > 
Answers 
7 1 1 
3: 35 4, Ly 5. 35 
Guided Solution: 
5. 4,3,1 
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6. Subtract. 


7, Subic 3S = ils. 


Answers 


5 2 
6. 378 7. 33 


Guided Solution: 
3 


T.. =, 2 
3 


EXAMPLE 6 = Subtract: 7é — 2i. 
The LCD is 12. 


i 2 2 
7 6 2 = 7 p We cannot subtract ~ from 4. 
13 3 <— We borrow 1, or i from 7: 
~ 2 = - 255 Tq =641+G=6+ 2+ GZ = 65 


We can write this as 


2 14 
Tp °D 
3 3 
a 
11 

4, 

12 


<@ Do Exercise 6. 


EXAMPLE 7 Subtract: 12 — 93. 


8 8 8 
12 aa 12=11+1=11 3 is 
3 3 
8 8 
5 
2- 
8 


< Do Exercise 7. 


fe APPLICATIONS AND PROBLEM SOLVING 


EXAMPLE 8 Widening a Driveway. Sherry and Woody are widening 
their existing 17 4-ft driveway by adding 5a ft on one side. What is the new 
width of the driveway? 


1. Familiarize. We let w = the new width of the driveway. 
2. Translate. We translate as follows: 


Existing Width of _ New 
width + addition ~~ — width 
1 Y 9 Y 
=. + — — 7 
17 4 5 10 Ww 
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3. Solve. The translation tells us what to do. We add. The LCD is 20. 


1 iS 5 
1 1 1 

sor i. 5 150 

9 9 2 18 

+ : te 

i 70 “i z 20 
23 3 
2255 = 2350 

Thus, w = 2353p. 


4. Check. We check by repeating the calculation. We also note that the 
answer is larger than either of the given widths, which means that the 
answer is reasonable. 


5. State. The new width of the driveway is 23 5» ft. 


Do Exercise 8. > 


EXAMPLE 9 Men’s Long-Jump World Records. On October 18, 1968, 
Bob Beamon set a world record of 29% ft for the long jump, a record that 
was not broken for nearly 23 years. This record-setting jump was signifi- 
cantly longer than the previous one of 21s ft, accomplished on May 29, 1965, 
by Ralph Boston. How much longer was Beamon’s jump than Boston’s? 
Data: thoughtco.com 


1. Familiarize. The phrase “how much longer” indicates subtraction. 
We let w = the difference in the world records. 


2. Translate. We translate as follows: 


Beamon’s _ Boston’s _ Difference in 
jump jump ~ length 
3 19 
29 16 a 21 48 = Ww. 
3. Solve. Tosolve the equation, we carry out the subtraction. The LCD is 48. 
3 3 3 9 57 
2976 .lClté«dd 29 78 28 78 
19 19 19 19 
2748 2748 274g ~~ 7748 
38 _ 19 
48 24 


- 12 
Thus, w = 15%. 


19 19 19 38 
+ + 
48 wy al 48 178 
57 9 3 
28 2 2 
48 : 48 : 16 
This checks. 


5. State. Beamon’s jump was 1 i ft longer than Boston’s. 


8. Travel Distance. Ona two- 


day business trip, Paul drove 
21375 mi the first day and 

1073 mi the second day. What 
was the total distance that Paul 
drove? 


* ao 
eee. 


9. Nail Length. A 30d nail i is 
45 in. long. A 5d nail is 13 in. 
iene How much longer is the 
30d nail than the 5d nail? (The 
“d” stands for “penny,” which 
was used years ago in England 
to specify the number of pennies 
needed to buy 100 nails. Today, 
“penny” is used only to indicate 
the length of the nail.) 
Data: Pocket Ref, 2nd ed., by Thomas 


J. Glover, p. 280, Sequoia Publishing, 
Inc., Littleton, CO 


kK 


+ 


leon 13in. mace 


Do Exercise 9. > 
Answers 


13, 3 
8. 32175 mi 9. 27 in. 
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EXAMPLE 10 Jair Donation. Wigs for Kids is a non-profit organiza- 
tion that provides hairpieces for children who have lost their hair as a result 
of medical conditions. Karissa and Cayla allowed their hair to grow in order 
to donate it. The length cut from Karissa’s hair was 15in., and the length cut 
from Cayla’s hair was 144 in. After the hair was cut, it was discovered that 
the ends of each lock had highlighting that needed to be trimmed. Because of 
the highlighting, 15 in. was cut from Karissa’s lock of hair and 2} in. was cut 
from Cayla’s. In all, what was the total usable length of hair that Karissa and 
Cayla donated? 


1. Familiarize. We let / = the total usable length of hair that Karissa and 
Cayla donated. 


2. Translate. The length / is the sum of the lengths that were cut, minus 
the sum of the lengths that were trimmed from the locks. Thus, we have 


1 = (154 + 145) — (13 + 23). 
3. Solve. This is a three-step problem. 
a) We first add the two lengths 15 } and 14 5. 


155= 15} 
+ 145 = +4143 
2 a 
b) Next, we add the two lengths 15 and 2}. 
= 13 
+2?=+ 23 
~~ 33-4 


10. Liquid Fertilizer. There is 


' 3 
2835 gal of liquid fertilizer in c) Finally, we subtract 4 4 from 29 ;. 
8 


a fertilizer application tank. 293 
After applying 178% gal to — 4t 
a soybean field, the farmer + 1 
requests that Braden’s Farm 254 = 255 
Supply deliver an additional Thus, / = 25 A 
250 gal to the tank. How many ‘ ; 
gallons of fertilizer are in the 4. Check. We can check by doing the problem a different way. We can 
tank after the delivery? subtract the trimmed length from each lock, then add the adjusted 
lengths together. 
Karissa’s lock Cayla’s lock Sum of lengths 
1s;= 143 145= 13§ 133 
—- 1t=- 12 — 23=- 2} +11} 
133 113 248 = 255 


We obtained the same answer, so our answer checks. 
5. State. The sum of the usable lengths of hair donated was 25} in. 


<@ Do Exercise 10. 


Answer 


23 
10. 35474 gal 
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FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understandi ng 
Reading Check Match each addition or subtraction with the correct first step from the following list. 


a) Add the fractions. 
b) Write the fraction parts with a common denominator. 


9 
c) Rename 5 as 4G: 


il 
d) Borrow 1 from 5 and add it to 9° 


1 4 4 
—— RC1. 35 mee RC2: 35 —_— RC3. 35 RC4. 5 
1 
4 il 1 —3- 
39 35 one 9 
Concept Check 
CC1. Determine which of the following are equivalent to 20. 
4 8 15 1 
a) 197 b) 19° c) 195 d) Op 
il 
CC2. Determine which of the following are equivalent to T.. 
2 9 2 18 
a) % b) 65 c) Te d) oe 
ass Add. Write a mixed numeral for the answer. 
20 2. 37 3 129 : 4 2003 a 
+ 8 z + 1st + 56 + 59 
7 5 1 2 
=< —+1= 4-4 55 
2 3 6 4 6 7. 1 1 8. 4 3 5 9 
5 5 
+ 3= + 35 
; 8 6 
3 3 2 1 
87 10. 4 mn 11. 3 5 2. 85 5 
5 P) 7 7 
+ 52 + 6— + §— — 
2% 6D 355 +35, 
3 5 4 5 
5 8 14. 8 15. 12 5 16. 15 3 
5 5 7 
+ 105 +1 6 + 850 + 11— 


SECTION 3.5 Addition and Subtraction Using Mixed Numerals; Applications 


181 


5 1 1 Z 
17.~—=— 14 3 18. 16 r 19. 7 3 20. 45 ry 
1 7 2 3 
— + as — a 
ee 155 — an 
3 1 
+ 10— + 12- 
10 4 12 ri 
b Subtract. Write a mixed numeral for the answer. 
1 1 3 1 2 1 
21 4— 22. = 23. 6>—-2= 24. 7—-—- 6- 
5 : 8 on 5 2 i 3 a 2 
i) 
= 5 
1 5 21 42 
25. 4— . = 27. 28. 
5. 3 3 26. 23 16 - 3 8 _ q 
5 3 4 8 
8 16 | 
29, 34 30. 23 31. 1 ul 32. 1) L. 
5 3 6 10 
— 18— = 19 — 
. : ig? ee 
4 12 
1 1 1 5 
33. 14 3 34. 28 6 35. 25 9 36. 23 16 
3 = 5 5 7 
= — 13 6 - 1475 
ie] Solve. 
37. Planting Flowers. A landscaper planted 45 flats of 38. A plumber uses two pipes, each of length 51% in., and 
impatiens, 63 flats of snapdragons, and 33 flats of phlox. one pipe of length 343 in. when installing a shower. 
How many flats did she plant altogether? How much pipe was used in all? 


343 in, 
51 Zin. | 
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49. 


. For a family party, Dana bought packages of cheese 


weighing 1$1b and 53 Ib. What was the total weight of 
the cheese? 


. Casey’s beagle is 145i in, from shoulder to floor, and 
her basset hound is 135 7g in. from shoulder to floor. 
How much shorter is her basset hound? 


. Upholstery Fabric. Executive Car Care sells 45-i “in. 
upholstery fabric for car restoration. Art bought 94 qyd 
and 102 yd for two car projects. How many yards did 
Art buy? 


. Sewing ia a Pattern. Using 45-in. fabric, Regan 
needs 13 3 yd for a dress, > 3 yd of contrasting fabric for the 
band at ite bottom, and 33 3 yd for a coordinating jacket. 
How many yards of 45-in. fabric are needed in all? 


. Kim Park is a computer technician. One day, she 


drove 180 mi away from Los Angeles for a service 
call. The next day, she drove 85% mi back toward Los 
Angeles for another service call. How far was she then 
from Los Angeles? 


Fashion Design. J ordan i is designing two shoes. The 
Tower pump has a 43,-in. heel, and the Classic pump has 
a 24in. heel. How much taller is the heel of the Tower 
pump than the heel of the Classic pump? 


51. 


Tower pump 


Classic pump 


Rene is 5 ; in. taller than his son, who is 72 ; in. tall. 
How tall is Rene? 


SECTION 3.5 


40. 


42. 


44. 


46. 


48. 


50. 


52. 


Addition and Subtraction Using Mixed Numerals; Applications 


Marsha’s Butcher Shop sold packages of sliced turkey 
breast weighing 1; 1b and 42 1b. What was the total 
weight of the meat? 


Winterizing a Swimming Pool. To winterize their 
swimming pool, the Jablonskis are draining the water 
into a nearby field. The distance to the field is 1035 ft. 
Because their only hose measures 623 ft, they aed to 
buy an additional hose. How long faust the new hose be? 


Painting. A painter used 13 ; gal of paint for the 
Garcias’ living room and 1 1 gal for their family room. 
How much paint was used i a all? 


Sewing from a Pattern. Using 45-in. fabric, Sarah 
needs 23 yd for a dress and 35 yd for a coordinating 


jacket. How many yards of 45-in. fabric are needed 
in all? 


A Boeing 767 flew 640 mi on a nonstop flight. jOn the 
return flight, it landed after having flown 320 3 jo mi. 
How far was the plane from its original point of 
departure? 


Guitar Design. Josh’s nylon-string guitar has a neck 
width of 2 in. His steel-string guitar has a neck width of 
1B i in. How much wider is the neck of his nylon-string 
guitar than the neck of his steel-string guitar? 


13; 
Hain. { 


Steel string guitar 


2 in { 


Nylon string guitar 


J le is Ai in. taller than his daughter, Teresa. Teresa is 
663 in. tall. How tall is Jose? 


183 


53. Creative Glass sells the framed beveled mirror shown 
below. Its dimensions are 305 in. wide by 363 in. high. 
What is the perimeter of (total distance around) the 
framed mirror? 


Find the perimeter of (distance around) each figure. 


55; Si yd Siyd 


Find the length d in each figure. 
57. 


23 ft 23 ft 


122 tt 


59, Stone Bench. Baytown Village Stone Creations is 
making the custom stone bench shown below. The rec- 
ommended height for the bench is 18 in. The depth of 


the stone bench is 33 in. Each of the two supporting legs 


is made up of three stacked stones. Two of the stones 
measure 3} in. and 5 5 in. How much must the third 
stone measure? 


18 in. 
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54. Book Size. One standard book size is 8 } in. by 9} in. 


What is the perimeter of (total distance around) the 
front cover of such a book? 


58. 


Banal 


60. Window Dimensions. The Sanchez family is replac- 
ing a window in their home. The original window 


measures 4? ft X 8} ft. The new window is 2} ft wider. 


What are the dimensions of the new window? 
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61. 


63. 


65. 


Carpentry. When cutting wood with a saw, a car- 
penter must take into account the thickness of the saw 
blade. Suppose that from a piece of wood 36 in. long, a 
carpenter cuts a 15 iin. length with a saw blade that is 


yin. thick. How long is the piece that remains? 


Interior Design. Eric worked 10} hr over a three- 
day period on an interior design project. If he worked 
2 5 hr on the first day and 4 : hr on the second, how 
many hours did Eric work on the third day? 


Fly Fishing. To put together a fly fishing line, Bryn 
uses 583 ft of slow-sinking fly line and 83 ft of leader line. 
She uses 2 ft of the slow-sinking fly line i connect the 
two lines. "The knot used to connect the fly to the leader 
line uses t ft of the leader line. How long is the finished 
fly fishing line? 


Slow-sinking line: 583 ft <a 


Y 


a. 
ee 


Leader es 83 ft 


ift for the knot 


62. 


64. 


66. 


Cutco Cutlery. The Essentials 5-piece set sold by 
Cutco contains three knives: 73" Petite Chef, 63” Petite 
Carver, and 23" Paring Knife. How much longer is the 
blade of the Petite Chef than that of the Petite Carver? 
than that of the Paring Knife? 


Data: Cutco Cutlery Corporation 


Painting. Geri had 3 5 gal of paint. It took 2 3 gal to 
paint the family room. She estimated that it would take 
2 i gal to paint the living room. How much more paint 
did Geri need? 


Find the smallest length of a bolt that will pass through 
a piece of tubing with an outside diameter of 3 in.,a 
washer j; ig in. thick, a piece of tubing with a iin. outside 
diameter, another washer, and a nut iz in. thick. 


Skill Maintenance 


[2.2a] 
69. 2345 by 9 


Determine whether the first number is divisible by the second. 


67. 9993 by 3 68. 9993 by 9 70. 2345 by 5 


71. 2335 by 10 72. 7764 by 6 73. 18,888 by 8 74. 18,888 by 4 


75. Write expanded notation for 38,125. [1.1b] 76. Write a word name for 2,005,689. [1.1c] 


77. Write exponential notation for 9-9-9-9.  [1.9a] 78. Evaluate: 3*. [1.9b] 


Synthesis 


Calculate each of the following. Write the result as a mixed numeral. 
79. f) 3289107 + 52782 80. 


57981 — 39091957 


81. A post for a pier is 29 ft long. Half of the post extends 
above the water’s surface and 8} ft of the post is buried 
in mud. How deep is the water at that point? 


2 ne 
2. Solve: 47= + n = 56-. 
82. Solve 73 n 567 
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Multiplication and Division Using 


3 > 6 Mixed Numerals; Applications 


OBJECTIVES 


fa) Multiply using mixed 
numerals. 


i MULTIPLICATION USING MIXED NUMERALS 


Carrying out addition and subtraction with mixed numerals is usually easier 
if the numbers are left as mixed numerals. With multiplication and division, 
however, it is easier to convert the numbers to fraction notation first. 


® Divide using mixed numerals. 


(@ Solve applied problems 
involving multiplication and 
division with mixed numerals. 


MULTIPLICATION USING MIXED NUMERALS 


To multiply using mixed numerals, first convert to fraction notation 


and multiply. Then convert the answer to a mixed numeral, if 
appropriate. 


EXAMPLE 1 Multiply: 6-25 


1 65 6:5 2:3+*5 2 3:5 3°5 
: =o es = = 7! 
Oe 12 1-2 2-1 2 1 1 2 
Convert the numbers to fraction notation first. es 
. 1 3 
EXAMPLE 2 Multiply: 3 er 
T3797 3 21. 5 Recall that common denominators 
Multiply. 3 74.24 8 2 8 are not required when multiplying 
1 1 3 fractions. 
1; 6°35 2. 2=*— 3 
3 2 4 < Do Exercises 1 and 2. 
Multiply. 2 
EXAMPLE 3 Multiply: 8-4 Fe 
2 2, 
o Doha Sao & 2 8 14 112 1 
8-4 . 37 ) 
ao 8 Ss i 49° 3 3 
LS . f 2 
EXAMPLE 4 Multiply: 2 r 5 7 
51 2 9 17 _ ui Ce ek D 
4°3 4 3 2°2°3 3 222 4 
4. 3 z 25 <« Do Exercises 3 and 4. 
ee ee ee ee ee ee ee Caution! eee ee ee ee eee 
Note that 24-53 # 10%. A common error is to multiply the whole numbers 
Answers and then the fractions. This does not give the correct answer, 123, which is 
1.20 2. 1; 3. 123 4, 8; found by converting to fraction notation first. 
Sc WATE an eh Derren ei alco 
3. 32, 64, 122 
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Db DIVISION USING MIXED NUMERALS 


Divide and simplify using fraction notation. {|2.7b| 


Divide and simplify. 
ily 7 Bl 
ily (35) se 2 ee oo ae 
5) G5 25 
5 
Answers: 1. 25 2.59 


MyLab Math 
VIDEO 


The division 15 + { is shown here. This division means “How many /’s are in 
132?” We see that the answer is 9. 


pA 
. A. Ae 


When we divide using mixed numerals, we convert to fraction notation 
first. Recall that to divide by a fraction, we multiply by its reciprocal. 
1 1_.3~,1 _36 


Ag” 6 3 


21 
356 3+3+2 3:3. 2 3:3. 
2-1 


DIVISION USING MIXED NUMERALS 


To divide using mixed numerals, first write fraction notation and 
divide. Then convert the answer to a mixed numeral, if appropriate. 


EXAMPLE 5 _ Divide: 32 + 3h. 
32 16 


32+ 3 5 = 7 : 5 Writing fraction notation 
32 5 32-5 2-16-5116 29) 4 O79 2.4 
116 1:16 #1: #16 1 °° 1 


Remember to multiply by the reciprocal. 1 
5. Divide: 84 + 5—. 
Do Exercise 5. > foes 4 


EXAMPLE 6 Divide: 35 + 4}. 
1351335 3 105 _ 1 


i ae ae eae ee y 
Do Exercise 6. > fy: Dey Se oo 
Answers 
3 
5.16 6. TD 
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Divide. 


hb B= = ils 
phe 25 
ee 
4 
_ _ de3ed 
2:2:2 
me) eee 
DONSD 
_ is 
8 1-—+2 = 
Solve. 


9. Kyle’s pickup truck travels on 
an interstate highway at 
65 mph for 35 hr. How far 
does it travel? 


10. Holly’s minivan traveled 
302 mi on 1535 gal of gas. How 
many miles per gallon did it 


get? 
Answers 
ait 3.2 9.271 10. 20 

8 10 aes mPE 
Guided Solution: 


3 7 
7. 9,6, 6, 3, =, 8,15 
, 3 8 


EXAMPLE 7 Divide: 23 + 1}. 
{8.7.7 74 TA 
: 3 “Fy 3-7 


EXAMPLE 8 Divide: 12 + 33. 
3.1 8. 10.8 3 8-3 2 
5 ~3 5 3 510 5:10 5 


< Do Exercises 7 and 8. 


ce APPLICATIONS AND PROBLEM SOLVING 


EXAMPLE 9 Training Regimens. Fitness trainers suggest training regi- 
mens for athletes who are preparing to run marathons and mini-marathons. 
One suggested twelve-week regimen combines days of short, easy running 
with other days of cross-training, rest, and long-distance running. During 
week nine, this regimen calls for a long-distance run of 10 mi, which is 25 
times the length of the long-distance run recommended for week one. What 
is the length of the long-distance run recommended for week one? 

Data: shape.com 


1. Familiarize. We ask the question “10 is 25 times what number?” We 
let r = the length of the long-distance run recommended for week one. 


2. Translate. The problem can be translated to an equation. 


Length of run Length of run 
for week nine times for week one 


es 


3. Solve. To solve the equation, we divide on both sides. 


5 
10 = 7 r Converting 25 to fraction notation 
5 = > : 
10 + I =r Dividing by ha both sides 
2 or 5 
10: 5 =r Multiplying by the reciprocal of 5 
2: 20 
4=r Simplifying: 10- ra a 


4. Check. If the length of the long-distance run recommended for week 
one is 4 mi, we find the length of the run recommended for week nine 
by multiplying 4 by 2 5. 


The answer checks. 


5. State. The regimen recommends a long-distance run of 4 mi for week one. 


< Do Exercises 9 and 10. 
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EXAMPLE 10 Flooring. Ann and Tony want to lay a hard- 
wood floor only on the part of their living room not covered by a 
rug. If the room is 225 ft by 153 ft and the rug is 9 ft by 12 ft, how 
much hardwood flooring do they need? How much hardwood 
flooring would it take to cover the entire floor of the room? 


1. Familiarize. We draw a diagram and let B = the area of 
the room, R = the area of the rug, and H = the area to be 
covered by hardwood flooring. 

2. Translate. This is a multistep problem. We first find 
the area of the room, B, and the area of the rug, R. Then 
H = B — R. We find each area using the formula for the 
area of arectangle: A = / X w. 


3. Solve. We carry out the calculations. 


B = length x width R = length X width 
= aol. 15 Z ied ; 
2 2 = 108 sq ft 11. Koi Pond. Colleen designed 
45 31 a koi fish pond for her back- 
= op yard. Using the dimensions 
7 shown in the diagram below, 
— 1395 | 3 determine the area of Colleen’s 
a 348 ra ft backyard remaining after the 
pond was completed. 
Then 
H=B-R 


3 3 
= a sq ft — 108 sq ft = 240784 ft. 


4. Check. We can perform a check by repeating the calculations. 

5. State. Ann and Tony will need 2403 sq ft of hardwood flooring. It 
would take 348} sq ft of hardwood flooring to cover the entire floor of 
the room. 


Do Exercise 11. > 


Operations on Fractions and Mixed Numerals _ Fraction calculators can add, subtract, multiply, and divide fractions and mixed 
numerals. The key is used to enter fractions and mixed numerals. The fraction ? is entered by pressing [3l[a’/ [4], and it appears 
on the display as 314]. The mixed numeral 1% is entered by pressing |1||a°/-|/5 a’) 1)/6], and itis displayed as} 115 116}. 


To express the result for 1 as a fraction, we press [siFt]|d/c], We get 21 1 16], or %. Some calculators display fractions and 


mixed numerals in the way in which we write them. 


EXERCISES: Perform each calculation. Give the answer in Perform each calculation. Give the answer as a mixed 
fraction notation. numeral. 


1 + 2 1 
4S +55 et 
5. 43 55 6. 95 87 


1 3 a 
7. 2°42 8 10-5 + 32 


Answer 
11. 945 sq yd 
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Translating 
for Success 


1. Raffle Tickets. At the Happy 
Hollow Camp Fall Festival, 
Rico and Becca, together, 
spent $270 on raffle tickets 
that sell for $34 each. How 
many tickets did they buy? 


6. Deli Order. For a promo- 
tional open house for contrac- 
tors last year, the Bayside 
Builders Association ordered 
225 turkey sandwiches. 
Because of increased registra- 


The goal of these matching questions is 
to practice step (2), Translate, of the five- 
step problem-solving process. Translate 


2. Irrigation Pipe. Jed uses 


two pipes, one of which 
measures 54 ft, to repair 

the irrigation system in the 
Aguilars’ lawn. The total 
length of the two pipes is 
8% ft. How long is the other 


pipe? 


. Vacation Days. Together, 
Oscar and Claire have 36 
vacation days a year. Oscar 
has 22 vacation days per 
year. How many does Claire 
have? 


. Enrollment in Japanese 
Classes. Last year at 

the Lakeside Community 
College, 225 students enrolled 
in basic mathematics. This 
number is 4} times as many as 
the number who enrolled in 
Japanese. How many enrolled 
in Japanese? 


5. Bicycling. Cole rode his 


bicycle 5+ mi on Saturday 
and 84 mi on Sunday. 
How far did he ride on the 
weekend? 


each word problem to an equation and 
select a correct translation from equa- 
tions A-0. 


A. 13 =x+ 5} 
B. Rey = 13 


Cc. 


Answers on page A-6 


tions this year, 44 times as 
many sandwiches are needed. 
How many sandwiches should 
be ordered? 


7. Dog Ownership. In Sam’s 


community, 55 of the house- 
holds own at least one dog. 
There are 270 households. 
How many own dogs? 


. Magic Tricks. Samantha has 


98 ft of rope and needs to cut 
it into 23-ft pieces to be used 
in a magic trick. How many 
pieces can be cut from the 
rope? 


9. Painting. Laura needs 


13 gal of paint to paint the 
ceiling of the exercise room 
and ; gal of the same paint 
for the bathroom. How much 
paint does Laura need? 


. Chocolate Fudge Bars. A 


recipe for chocolate fudge 
bars that serves 16 includes 
1 cups of sugar. How much 
sugar is needed for } of this 
recipe? 


FOR 
EXTRA 
HELP 


@) MyLab Math 


v Check Your Understanding 


Reading Check Determine whether each statement is true or false. 


RC3. 


RC1. 
RC2. 


RC4. 


To multiply using mixed numerals, we first convert to fraction notation. 


To divide using mixed numerals, we first convert to fraction notation. 


The product of mixed numerals is generally written as a mixed numeral, unless it is a whole 


number or less than 1. 


To divide fractions, we multiply by the reciprocal of the divisor. 


Concept Check Rewrite each division as a product, using fraction notation. Do not carry out the calculations. 


1 3 ) qT eal 5 
is De ee die PSA sre otal Gee Eaten a oes »p OS > 
CC 3 5 CC 70 10 CC3 85 16 CC4 67 30 
@ Multiply. Write a mixed numeral for the answer. 
5) 3 5° 2 pial 
1. 8-2— 2.923 a POs 
6 : a ae 8 3 : 63 4 
1 1 1 1 3 2 
Eee orgy ens » 42°5— Ts 3 2 —-4— 
8. 35:25 6: AS : Bag 5 
7 3 3 7 1 1 2 1 A 25 
. 4-5 10. 62—--5— . 20—"10—-4=— ao) emer eras ee 
9 10> 10 0 675° > G9 11 205°10 5°45 12, FN 
b Divide. Write a mixed numeral for the answer, where appropriate. 
1 1 2 3 
13. 20 + 32 14. 18 + 2— 15. 82+ Dog 
3 5 4 5 5 7 16. 3 8 3 
3 1 4 1 7 2 ) 5 
17. 4—- + 1- 18. 55 +2- 19. 1- +15 » 4-425 
4 3 oe 5 2 ‘ 8 3 a 8 6 
1 ) 1 1 Hl 1 
21. 5— + 4— .4—-4+2— . 20— + .W-+ 
10 10 22 eT 250 23 207 90 24 12, 50 
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fe Solve. 


25. 


27. 


29. 


31. 


33. 
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Longest Tunnels. The Gotthard Base Tunnel in 


Switzerland is the longest rail tunnel in the world. 

It is about 2} times as long as the Laerdal Tunnel in 
Norway, which is the longest road tunnel in the world. 
If the Laerdal Tunnel is 15 mi long, how long is the 
Gotthard Base Tunnel? 


26. 


Spreading Grass Seed. Emily seeds lawns for Sam’s 
Superior Lawn Care. When she walks at a rapid pace, 
the wheel on the broadcast spreader completes 1503 
revolutions per minute. How many revolutions does 
the wheel complete in 15 min? 


Coffee Consumption. On average, coffee drinkers 

in the United States drink 34 5 cups of coffee a day. At 
Northwest High School, there are 45 teachers who 
drink coffee. If their average coffee consumption is the 
same as the national consumption, how many cups of 
coffee do they drink each day? 


Data: e-importz.com 


Mural. A student artist painted a mural on the wall 
under a bridge. The dimensions of the mural are 63 ft 
by 93 ft. What is the area of the mural? 


Sidewalk. A sidewalk alongside a garden at the 
conservatory is to be 142 yd long. Rectangular stone 
tiles that are each 14 3 yd long are used to form the 
sidewalk. How many tiles are used? 


Weight of Water. The weight of water is 62 5 lb per 
cubic foot. What is the weight of 54 cubic feet of 
water? 


Fraction Notation and Mixed Numerals 


28. 


30. 


32. 


34. 


Population. The population of Michigan is 15 times 
the population of Indiana. The population of Indiana 
is approximately 6,600,000. What is the population of 
Michigan? 


Data: U.S. Census Bureau 


Gardening. Vicks designed a rectangular garden bed 
with dimensions 8t ft by 12 ft. What is the area of the 
garden? 


Aeronautics. Most space shuttles orbit the earth 
once every 14 hr. How many orbits are made every 
24 hr? 


Weight of Water. The weight of water is 62 5 lb per 
cubic foot. What is the weight of 24 cubic feet of 
water? 
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35. Temperature. 


37. Apple Net Income. 


41. Doubling a Recipe. 


Fahrenheit temperature can be 
obtained from Celsius (Centigrade) temperature by 
multiplying by 14 and adding 32°. What Fahrenheit 
temperature corresponds to a Celsius temperature 
of 20°? 


Apple, Inc., reported net income 
of about $8,000,000,000 in fiscal year 2009. In fiscal 
year 2016, Apple’s net income was about 53 times that 
amount. What was Apple’s net income for fiscal year 
2016? 


Data: statista.com 


39. Average Speed in Indianapolis 500. Tony Kanaan 


won the Indianapolis 500 in 2013 with a record average 
speed of about 187.5 mph. This record is 25 times 

the average speed of the first winner, Ray Harroun, 

in 1911. What was the average speed in the first 
Indianapolis 500? 


Data: Indianapolis Motor Speedway 


The chef of a five-star hotel is 
doubling a recipe for chocolate cake. The original 
recipe requires 23 cups of flour and 1 - cups of sugar. 
How much flour and sugar will she need? 


43. Mileage. A car traveled 213 mi on 144% gal of gas. 


How many miles per gallon did it get? 


SECTION 3.6 


36. 


38. 


40. 


42. 


Temperature. Fahrenheit temperature can be 
obtained from Celsius (Centigrade) temperature by 
multiplying by 14 and adding 32°. What Fahrenheit 
temperature corresponds to the Celsius temperature 
of boiling water, 100°? 


Median Income. Median household income in the 
United States was about $12,000 in 1975. By 2016, 
median household income was 44 times that amount. 
What was the median household income in 2016? 


Data: U.S. Census Bureau 


Population. The population of Cleveland is about 14 
times the population of Cincinnati. In 2016, the popu- 
lation of Cleveland was approximately 385,800. What 
was the population of Cincinnati in 2016? 


Data: U.S. Census Bureau 


Half of a Recipe. A caterer is following a salad 
dressing recipe that calls for 12 cups of mayonnaise 
and 14 cups of sugar. How much mayonnaise and 
sugar will he need if he prepares 5 of the amount of 


salad dressing? 


. Mileage. A car traveled 385 mi on 15; gal of gas. 


How many miles per gallon did it get? 
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45. 


47. 


Weight of Water. The weight of water is 625 Ib per 
cubic foot. How many cubic feet would be occupied 
by 25,000 lb of water? 


Servings of Salmon. A serving of filleted fish is 
generally considered to be about 3 lb. How many 
servings can be prepared from 55 ‘Ib of salmon fillet? 


Find the area of each shaded region. 


49, 


51. Building a Ziggurat. 


194 = CHAPTER3 


The dimensions of all 

of the square bricks that King Nebuchadnezzar 
used over 2500 years ago to build ziggurats were 
134in. X 13}in. x 34 ai in. What are the perimeter 
and the area of the 13}in. X 134in. side? of the 
13; in. X 3}in. side? 


Data: www.eartharchitecture.org 


Fraction Notation and Mixed Numerals 


46. 


48. 


50. 


52. 


Weight of Water. The weight of water is 85 Ib per 
gallon. Harry rolls his lawn with an 800-lb-capacity 
roller. Express the water capacity of the roller in 
gallons. 


Servings of Tuna. A serving of fish steak (cross 
section) is generally 4 3 Ib. How many servings can be 
prepared from a cleaned 183 -lb tuna? 


Word Processing. For David’s design report, he 
needs to create a table containing two columns each 
13 in. wide and five columns each 3 7 in. wide. will this 
table fit on a standard piece of paper that is 8} in. 
wide? If so, how wide will each side margin be if the 
margins on each side are to be of equal width? 


Copyright © 2019 Pearson Education, Inc. 


SKALL Maimtemane oii icc cccccccccccccccecccecseeceseesevecescssvsceevsevstavsevssvatsvssvstvstssvssvatesessvssvavsvssvstvetvevseeseees 


Solve. 

53. The balance in Laura’s checking account is $457. 54. Anita buys 12 gift cards at $15 each and pays for 
She uses her debit card to buy a digital picture frame them with $20 bills. How many $20 bills does it 
that costs $49. Find the new balance in her checking take? [1.8a] 


account. [1.8a] 


55. About ; of the food we eat depends on pollinators for 56. About * of all pizzas that Americans order have 
its production, and honeybees are responsible for 2 of pepperoni as a topping. If Americans eat 350 slices 
that pollination. What part of the food we eat depends of pizza every second, how many of those slices are 
on honeybees for its production? [2.6b] topped with pepperoni? [2.6b| 
Data: nbcnews.com Data: pizza.com 

57. After her company was restructured, Meghan’s 58. Rick’s Market sells Swiss cheese in #lb packages. 
pay was ih of what it had been. If she is now making How many packages can be made from a 12-lb slab of 
$32,850 a year, what was she making before the cheese? [2.7d] 


reorganization? [2.7d] 


59. Find the perimeter of the figure. [1.2b] 60. Find the area of the region. [1.4b] 


4m 150 yd 


SOR IME BU access aap casa nonce csaen vccva eg nee plea pe Polen sew ain 
Multiply. Write the answer as a mixed numeral whenever possible. 
= 2 31 23 13 
al. B 1557-2335 2. Hi75-19= 
Simplify. 
I 3 5 5 1 a7 
. : t t ae (eee fe a= 
oa 8+ 1434(5-5) su (5-1) x2 + (4-3) 
1 1 1 1 1 7 1 2 9 3 
° : x t 5 ora : 
= 3 ( ;) 4 6 “ 8 ! 8 3 10 5 
1 1 1 (es eee, 
s : } : 5 x t 
67. 4 5 2 5 8-4 5 68. 6 — 2 law ae ae 
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3./ 


OBJECTIVES 


fa] Simplify expressions using the 
rules for order of operations. 


Db Simplify complex fractions. 


(@ Estimate with fraction notation 
and mixed numerals. 


Simplify expressions using 
the rules for order of 
operations. {1.9c] 


Simplify. 
i, B2= Sed) 
2, 6(4 + 1)? = 37° = 3 


Answers: 1.10 2.123 
MyLab Math 
VIDEO 


Simplify. 
| 
a ae 
pt 2 
a as 2 10 
Be seers i 
Sob oa eS 0 
Jeon i 1 
322-225) 108 S10 
— i Soe 
TG 3w Fain 


3. Simplify: . 16 + 82. 


3 
Answers 
1 3 2 
1. 5 2: 10 3. 203, 08 3 
Guided Solution: 
2.3, 8, 2,2,:4,3 


Order of Operations, Complex Fractions, 


and Estimation 


A) ORDER OF OPERATIONS; FRACTION NOTATION 
AND MIXED NUMERALS 


The rules for order of operations that we use with whole numbers apply 
when we are simplifying expressions involving fraction notation and mixed 
numerals. For review, these rules are listed below. 


RULES FOR ORDER OF OPERATIONS 


1. Do all calculations within parentheses before operations outside. 
2. Evaluate all exponential expressions. 

3. Do all multiplications and divisions in order from left to right. 

4. Do all additions and subtractions in order from left to right. 


1.2.15 
EXAMPLE 1 Simplify: —= + > +=-<. 
n ee eB 
Doing the division first 
Lie eS 2 by multiplying by the 
3928 6 318 reciprocal of $ 
1 2+2+5 
= 6 + 3-1-8 Doing the multiplications 
1 *2°5 
= 6 + 3. ~ = 7) Factoring in order to simplify 
1 5 Removing a factor of 1: 
= =4+= 2:2 
6 6 i 1; simplifying 
6 : a 
= 6° or 1 Doing the addition 
< Do Exercises 1 and 2. 
ree” 1 
EXAMPLE 2 Simplify: 324 -11 a 
2 1 2-24 1 
37 24 —- 11 aa = a 11 5 Doing the multiplication first 
_2: 8 1 
= i 11 > Factoring the fraction 
1 ‘ 3 
=2:8- 11 5 Removing a factor of 1: -— i 
i oe 
= 16-11 > Completing the multiplication 
) ; : 
=4-— or a Doing the subtraction 


<« Do Exercise 3. 
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: , Lal AN? 
EXAMPLE 3 Simplify: reer he 48 +[| 13 + 5). 


7 1 4\? 
~>-—7)]x 484+(13+2 
€ 5) ( 5) 
Carrying out operations 


fi 3 12 S4y inside parentheses first. 
2 (. ~ 7) eS (13- ~ ) To do so, we first multiply 


1 8 6s ay? by 1 to obtain each LCD. 
(oa) x8 +(F 45) 


13 69 \? 
— X 48 + (2) Completing the operations within parentheses 
= — xX 48 + —— Evaluating the exponential expression next 


= 26 + —_ Doing the multiplication 


11 


= 26 + 190 — 
7055 


Converting to a mixed numeral 


= 216—, or —— Adding 


4. Simplify: 


Answers can be given using either fraction notation or mixed numerals. (2 3) 
- 2 


Do Exercise 4. > 3 4 


) COMPLEX FRACTIONS 


A complex fraction is a fraction in which the numerator and/or the denomi- 
nator contains one or more fractions. The following are some examples of 
complex fractions. 


i The numerator 5 The numerator 

3 contains a fraction. 5 contains a fraction. 

2 9 The denominator 
10 contains a fraction. 


Since a fraction bar represents division, complex fractions can be rewritten 
using the division symbol ~. 


[win 


EXAMPLE 4 Simplify: 5 


| 
i) 


Rewriting using a division symbol 


N]w|r 


| 
NY WIN wlr 


Multiplying by the reciprocal of the divisor 


Re Nie 


Multiplying numerators and multiplying denominators 


NO 


This expression cannot be simplified. O 


AlN w 


Answer 


27 
4. 56 
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EXAMPLE 5 Simplify: 


Sleluir 


i, 
5 1 9 Rewes P divisi nes 
—— iS ewriting using a division symbo 
9 5 10 g g y 
10 
1 10 bs fas : ais 
= 5" 9 Multiplying by the reciprocal of the divisor 
ae _ 1:2+3 Multiplying numerators and multiplying 
Simplify. 523-3 denominators; factoring 
i) 
10 5 2 eer 
5 e.2- = 9 Removing a factor of 1 and simplifying 
5 10 
8 7 < Do Exercises 5 and 6. 
When the numerator or denominator of a complex fraction consists of 
more than one term, first simplify that numerator or denominator separately. 
Biage 
Said i tie 8 
Simplify. EXAMPLE 6 Simplify: at 
fe Ie 
7 12 6 
. 4 2 1 4 3 Writing the fractions in the numerator 
9 2 5 . 6 with a common denominator 
I 45 Writing the mixed numeral in the 
3 8 8 denominator as a fraction 
5 & 1 
ls 7 D _ 6 Subtracting in the numerator of the 
10. 3 45 complex fraction 
2 e . 
SD 5 1 15 Rewtiti : divisi bol 
= = SS riting using a division sym 
Te 21 6 8 alee aie 
i@ 3 3 30 =. 30 1 8 
3 = a 5 Multiplying by the reciprocal of the divisor 
aay _ Ls2e292 Multiplying numerators and multiplying 
| 5S a ~ %+3+3-5 denominators; factoring 
30 
4 2 
28M ees 7 =a Removing a factor of 1: 5 = 1 
Syl Sell 
< Do Exercises 7 and 8. 
EXAMPLE 7 Harvesting Walnut Trees. A woodland owner decided 
to harvest five walnut trees in order to improve the growing conditions of 
the remaining trees. The logs she sold measured 73 ft, 8 ft, 8} ft, 95 ft, and 
105 ft. What is the average length of the logs? 
Answers 
49 51 3 
5. 16 6. 50 7. 16 76 8. 18 
Guided Solution: 


8. a 20, 1, 30, 18 
10 
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Recall that to compute an average, we add the numbers and then divide 
the sum by the number of addends. We have 


5 1 3 1 1 5 2 6 1 4 
7—+8—+8—+9—+ 10 7—+8—+8—-+9—+ 10 
8 4 4 8 2 8 8 8 8 8 
5 5 
18 9 177 Adding, 
42 42 A mn simplifying, and 
a converting to 
2 = 5 fraction notation 
eae Multiplying by 
~ A 5 the reciprocal 
AT 8 if Converting to a 
20 20 mixed numeral 


The average length of the logs is 8 g ft. 
Do Exercises 9-11. D 


ESTIMATION WITH FRACTION NOTATION 


AND MIXED NUMERALS 

EXAMPLES Estimate each of the following as 0, 5, or 1. 
2 ey a 

8.7 eee 


A fraction is close to 0 when the numerator is small in comparison to the 


denominator. Since 2 is small in comparison to 17, we have 7 ~ 0. 
11 a ae 
9 3 23 


ae ere 


A fraction is close to } when the denominator is about twice the numerator. 


Twice the numerator of this fraction is 22, and 22 is close to 23. Thus, 5; ~ }. 


A fraction is close to 1 when the numerator is nearly equal to the denominator. 
Since 43 is nearly equal to 41, we have z = 1. 


Do Exercises 12-15. D> 
EXAMPLE 11 Estimate 165 + 114; — 433 by estimating each mixed 


numeral as a whole number or as a mixed numeral where the fraction part is 5. 
We estimate each mixed numeral. Then we calculate: 


8 2 22 1 
+ - ~17+11-4= 
IG Gn gg 

1 1 

= 28 -4-=23— 

a 5 


Do Exercises 16-18. D> 


9. Rachel has triplets. Their 
birth weights are 3} Ib, 2} Ib, 
and 3% Ib. What is the average 
weight of her babies? 


: 11 5 
10. Find the average of 73° and 6 


11. Find the average of “ and = 


Estimate each of the following as 0, 
1 
5, or 1. 


6) 61 
12. 59 13. 59 
29 57 
14. 59 15. 59 


Estimate each of the following by 
estimating each mixed numeral as a 
whole number or as a mixed numeral 
where the fraction part is } and 
estimating each fraction as 0, 5, or 1. 


9 1 3 


8 \ 3 9 
4 > 17 
18, (10- +7—) += 
8 ( 5 72) 30 
Answers 
1 5 31 
9. 35lb 10.5 I. 7> 12.0 13.1 


14. ; 15.1 16. 225 17. 132 18. 37 
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v Check Your Understanding 


Reading Check Match the beginning of each statement with the correct ending from the list on the right so that the 


FOR 
EXTRA 
HELP 


@ MyLab Math 


rules for order of operations are listed in the correct order. 


RC1. Doall__. 
RC2. Evaluate all ___. 
RC3. Do all __. 
RC4. Do all __. 


a) multiplications and divisions in order from left to right 


b) additions and subtractions in order from left to right 


c) calculations within parentheses 


d) exponential expressions 


Concept Check Rewrite each complex fraction using a division symbol, ~, and fraction notation. 


g 
3 10 
Ih = 2 = 
CC I CC 3 
6 8 
a Simplify. 
5 1 24 4 7 
see ial ais 20 
8 4 3°55 7 15 . 
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1 
4 35 
CC3. — cca, = 
4 4; 
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17. 


22. 


27. 


31. 


33. 


35. 


37. 


39. 


18. 


Al wl oole 


23. 24. 


28. 29. 


Find the average of : and 3 


: 11. 3 
Find the average of 6’ 8° and a 


1 
Find the average of 3 > and 9 < 


Hiking the Appalachian Trail. Ellen camped and 
hiked for three consecutive days along a section of 
the Appalachian Trail. The distances she hiked on the 
three days were 154 mi, 20% mi, and 123 mi. Find the 
average of these distances. 


Black Bear Cubs. Black bears typically have two 
cubs. In January 2007 in northern New Hampshire, a 
black bear sow gave birth to a litter of 5 cubs. This is 
so rare that Tom Sears, a wildlife photographer, spent 
28 hr per week for six weeks watching for the perfect 
opportunity to photograph this family of six. At the 
time of this photo, an observer estimated that the cubs 
weighed 75 Ib, 8 Ib, 95 Ib, 103 Ib, and 113 Ib. What was 
the average weight of the cubs? 


Data: Andrew Timmins, New Hampshire Fish and Game Department, 
Northcountry News, Warren, NH; Tom Sears, photographer 


SECTION 3.7 


32. 


34. 


36. 


40. 


Order of Operations, Complex Fractions, and Estimation 


. Vertical Leaps. 


Dodge Challenger 


3 4. 
8 40 
20. D 21. zs 
50 
1 
i 25 
25. qe 26. 7 
3 10 
4 
5 2 
30. 2 2 
2 5 


Find the average of ; and 2 


: 41 1 
Find the average of 5°” and 10° 


2 
Find the average of 10 3 and 24 2 


Eight-year-old Zachary registered 
vertical leaps of 123in., 13? in., 13} in., and 14 in. Find 
his average vertical leap. 


Acceleration. ‘The results of acceleration tests for five 
cars are given in the graph below. The test measures 
the time in seconds required to go from 0 mph to 

60 mph. What was the average time? 


Acceleration: 0 mph to 60 mph 


Audi R8 


Honda Civic 
Mini Cooper 


Tesla Model S 


D 3 4 
Number of seconds 


DATA: 0-60specs.com 
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(| Estimate each of the following as 0, 5, or 1. 


2 7 6 11 
41 Wy 42. D 43. 8 44 B 45. Ti 46. B 
7 1 7 5 19 4 
47. is 48. 16 49. T00 50. 9 51. 20 52. 5 


Estimate each of the following by estimating each mixed numeral as a whole number or as a mixed numeral where the 
fraction part is 5 and by estimating each fraction as 0, 5, or 1. 


7 5 4.7 es 
» 25 . = Sones pon ae 
53. 22 $4, 12 55. +5 ETE 

_ 78 16. 2 29,12 ,, 2 
57. 24+ 75 rae ee OT ee 

5 27 35 tig dae. lt 2. 218 ot 28 
60:15 1a, Ae a2, Ps a, fd: 655 tos, 


SHU MURINE ges sacdssescesscanssesvinihicdseneceicetn dissent ses taste ddsnelics sn bit dee sales Sede ttisnbeia diane susenitctoedStanteed 


Simplify. 

63. 12+ 30+3-2 [1.9%] 64. 5-27 +10 [1.9c] 

65. 10? — [3-24 + (10 — 2) + 5-2] [1.9d] 66. (10 + 3-4 + 6)? — 11-2? [1.9c] 

67. List all the factors of 42. [2.1a] 68. Determine whether 114 is divisible by 7. [2.1b] 
69. Classify the given numbers as prime, composite, or 70. Find the prime factorization of 150. [2.1d] 


neither. [2.1c] 
1,5, 7, 9, 14, 23, 43 


SANE SAS cachet tocusattet cee ate cae inser stearate ot es cesses pera eaeh eeoei enemas 
71. In the sum below, a and b are digits. Find a and b. 72. Consider only the numbers 3, 4, 5, and 6. Assume 
a lb 35a each can be placed in a blank in the following. 
17-23 391 O+=O=? 
What placement of the numbers in the blanks yields 
the largest sum? 
73. Consider only the numbers 2, 3, 4, and 5. Assume 74. Use a calculator to arrange the following in order 
each is placed in a blank in the following. from smallest to largest. 


oe 3.17 13 7 15 13 19 
—_ 4’ 21’ 15’ 9° 17° 12’ 22 
What placement of the numbers in the blanks yields 

the largest sum? 
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CHAPTER 


Summary and Review 


Vocabulary Reinforcement 


Complete each statement with the correct term from the given list. Some of 
the choices may not be used and some may be used more than once. 


1. The of two numbers is the smallest number greatest 
that is a multiple of both numbers. [3.1a] least 
2A represents a sum of a whole number and a numerators 
fraction less than 1. [3.4a] denenaantars 
3. To multiply using mixed numerals, we first convert to fraction 
notation. [3.6a] : 
decimal 


4A contains a fraction in its numerator and/or 
denominator. [3.7b] 


mixed numeral 


complex fraction 
5. To add fractions, the of the fractions must be 
the same. [3.2a| 


least common multiple 


greatest common factor 
6. The least common denominator of two fractions is the 
of the denominators of the fractions. [3.2a] 


7. When finding the LCM of a set of numbers using prime factorizations, 
we use each prime number the number of 
times that it appears in any one factorization. [3.la] 


8. To compare two fractions with a common denominator, we compare 
their .  [3.3b] 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. The mixed numeral 54 can be represented by the sum 5-3 + 3. [3.4a] 


2. The least common multiple of two numbers is always larger than or 
equal to the larger number. [3.1a] 


3. The sum of any two mixed numerals is a mixed numeral. [3.5a| 


4. The product of any two mixed numerals is greater than 1. [3.6a] 


Study Guide 


Objective 3.1a Find the least common multiple, or LCM, of two or more numbers. 


Example Find the LCM of 105 and 90. Practice Exercise 


105 = 3-5-7, : 1, Find the LCM of 52 and 78. 
90 = 2+3-3+5; 


LCM = 2°3-3-+5+7 = 630 


Summary and Review: Chapter3 - 203 


Objective 3.2a Add using fraction notation. 


Example Add: 3 a s Practice Exercise 
24 45 i Aad 19 «11 
. Saeet ae 
5 & i 5 ,o2 7 2:22 60 36 
24° 45 2+2-2-3 3+5 |) 3+3°5 2-2-2 


715 56 131 


Objective 3.3a Subtract using fraction notation. 


7 WU "Practice Exerci 
Example Subtract: — — : eee 


12 60’ 2 «5 
ft FP & th 38 1 ts 
2 6 125 60 60 60 : 

35-11 24 2-4 2 

60 60 52 5 


Objective 3.3b Use < or > with fraction notation to write a true sentence. 


Example Use < or > for to write a true sentence: : Practice Exercise 
a co : 4. Use < or > for [_] to write a true sentence: 
12 16° 3 oO 5 

Writing both fractions with the LCD, 48, we have 13 12° 
20 27 
ag Hag 

20 _ 27 5 9 
i 20 < 27, — < —-and thus -~ < —. 
Since 7, 48 ~ 48 an us D 16 


Objective 3.3c Solve equations of the type x + a = b anda + x = b, where a and b may be fractions. 


Example Solve: x + - = = : prnchee —— r 
aie 5. Solve: 5 + ¥ = 77: 
6 8 
101.5 1 
*"6 6 8 6 
54 24.9% a2 
~"83 64 24 24° «24 


Objective 3.4a Convert between mixed numerals and fraction notation. 


5 5 31 Practice Exerci 
Example Convert 2 +3 to fraction notation: 253 = aa eas 


2. ; : 
6. Convert 8 A to fraction notation. 


40 40 : 
nA : as A ; 47 
Example Convert 9 to a mixed numeral: 9 4 9° a Cemsen : ena med ee 
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Objective 3.5b Subtract using mixed numerals. 


a4 F eeuaee 
Example Subtract: 33 -—1 = | ractice — 
32 = 1S _ >> :  §. Subtract: 105 = 25. 

8 “40° “40 

a 32 32 

15 =~ hago ~ ~*40 

23 

4 

40 


Objective 3.6a Multiply using mixed numerals. 


; i ees) ‘ ; Practice Exerci 
Example Multiply: 7—-5—. Write a mixed numeral aac crag 


for the answer. = =) 9. Multiply: 4 fg 3 oe 
13 _ 29.53 : a 
4 10 4 10 
_ 1537 45 17 
~ 40 ~ 40 


Objective 3.6c Solve applied problems involving multiplication and division with mixed numerals. 


Example The population of Chicago is 13 times : Practice Exercise 
that of Philadelphia. The population of Chicago is 
approximately 2,700,000. What is the population of 
Philadelphia? 


10. The population of Louisiana is 2 times the popu- 
lation of West Virginia. The population of West 
Virginia is approximately 1,800,000. What is the 


4 innomat Louisa! 
Translate: 2,700,000 = 1<+x. i ia ae ata 


Solve: 2,700,000 = ~ “x 


2,700,000 _ 


5 
5 
2,700,000 - 9 =x 


1,500,000 = x 
The population of Philadelphia is about 1,500,000. 


Objective 3.7a Simplify expressions using the rules for order of operations. 


1 


das 4\? 1 
Example Simplify: 5) 7 5 Re 


4)? 1,1 16 11 
(2) = pi 


Practice Exercise 


3 1 pas 
11. Simplify: ” 15 (2) ‘ 


Summary and Review: Chapter3 : 205 


Objective 3.7c Estimate with fraction notation and mixed numerals. 


Example Estimate Practice Exercise 
2 7 5 : 12. Estimate 
Be Os : 
5 10 9 1 19 3 1 8 
by estimating each mixed numeral as a whole number or 20 8 17 


as a mixed numeral where the fraction part is 5 and by 


; ; : 1 by estimating each mixed numeral as a whole num- 
estimating each fraction as 0, 5, or 1. 


: ber or as a mixed numeral where the fraction part 
| 24h, 1 1 1 is } and by estimating each fraction as 0, 5, or 1. 


Review Exercises 


Find the LCM. [3.1a] : a3, 8 jg 

1. 12 and 18 2. 18 and 45 a "2 

3. 3,6, and 30 4. 26,36, and 54 Divide. Write a mixed numeral for the answer. [3.4b] 
: 25.9)7896 26.23)10,493 


Add and simplify.  [3.2a] 


6 3 : Add. Write a mixed numeral for the answer where 
5. a 6. 16 + DR : appropriate. [3.5a] 
3 1 
16, i, 3 att, i0 9 21. 55 28. 85 
"5° 15 20 "1000 ° 100° 10 4 2 
a ree 
Subtract and simplify. [3.3a] —__ 
5 3 7 3 : 5 3 
Ie 10. 2-7 29 5 = 30. 2 
oD 8 4 6 4 
5 1 
11 2 5 2 + 4— + 55> 
11. 79 12. 6.9 6 2 


Subtract. Write a mixed numeral for the answer where 


Use < or > for [_] to write a true sentence. [3.3b] appropriate. [3.5] 


4,5 eat ; 3 
13. — = 14, — — > 3h. 12 32. 9 
3 7 U 9 9 U 13 5) 5 
: = iG 2 
Solve.  [3.3c] ——= 15 
33. 10— 34. 24 
Convert to fraction notation. [3.4a] 1 — 10 > 
1 3 = iG 
17. 7- 18. 8— : 
2 8 
: Multiply. Write a mixed numeral for the answer where 
19. rs 20. 10 2 : appropriate. [3.6a] 
3 7 : 2 12 
> 35. 6°25 36. ra 
Convert to a mixed numeral. [3.4a| 
7 27 
21. = 22. — : 37, es 38. ee 


3 4 5 10 5 3 
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Divide. Write a mixed numeral for the answer where 
appropriate. [3.6b] 


a! 7 

39. 27 = 27 40. 254 lie 
1 1 2) 

41, 3-42 42. 42-+4=2 
ice 5 3 


Solve. [3.2b], [3.3d], [3.5c], [3.6c] 


43. Sewing. Gloria wants to make a dress and a jacket. 
She needs 13 3 yd of 60-in. fabric for the dress and 
23 yd for the jacket. How many yards in all does 
Gloria need to make the outfit? 


44. What is the sum of the areas in the figure below? 


| 94 in. | 


|< 8} in +] 


45. In the figure above, how much larger is the area of 
rectangle A than the area of rectangle B? 


46. Carpentry. A board jin. ick is glued toa 
board # ¥in. thick. The glue is 7¢5 in. thick. How thick 
is the result? 


47. Turkey Servings. There are 14 servings per pound 
in a whole turkey. How many pounds are needed for 
32 servings? 


48. Cake Recipe. A wedding-cake recipe requires 
12 cups of shortening. Being calorie- -conscious, the 
wedding couple decide to replace 32 cups of the 
shortening with prune purée. How many cups of 
shortening are used in their new recipe? 


49. 


50. 


Painting a Border. Katie has hired an artist to 
paint a decorative border around the top of her 
son’s bedroom. The artist charges $20 per foot. The 
room measures 11} ft X 95 ft. What is Katie’s cost 
for the project? 


4 


va 


* 
hy 
~ 
od 
~*~ 
wm 
. 
i. 
= 
* 
- 
. 


Running. Janelle has mapped a 1 t-mi running 
route in her neighborhood. One Saturday, she ran 
this route 25 times. How many miles did she run? 


51. 


Humane Society Pie Sale. Green River’s Humane 


Society recently hosted its annual pie sale. Each of 


the 83 pies donated was cut into 6 pieces. At the end 
of the evening, 382 pieces of pie had been sold. How 


many pies were sold? How many were left over? 
Express your answers in mixed numerals. 


Summary and Review: Chapter 3 
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Simplify each expression using the rules for order of 


operations. [3.7a] 
1 1 1 4 1 1 
. tote en rs 
a 8 4 2 si S 2 (: i) 
3 1 Le 
. x t 
54, 20 a 1 5 12 ( >) 
Simplify.  [3.7b] 
2 
3 10 
55, = 56. i 74 
6 2 6 
: 111 1 
57. Find the average of Ey and 5 [3.7b] 


Estimate each of the following as 0,5, or 1. [3.7c] 


29 2 61 
59 ae) * 59 


Estimate by estimating each mixed numeral as a whole 
number or as a mixed numeral where the fraction part 
is 5 and by estimating each fraction as 0,5, or 1. [3.7c] 


7 2 
1. 6— 2. 10-— 
f 8 17 
11 6 1 2 
63. DD 64. 15 3 


65. 


66. 


67. 


68. 


1. 2 
Simplify: — + 5 + 5. [3.7a] 


4 
133 


500 
117 


500 


Nn 
NIU Bes 
Oo 


> 
| 
* 
nN 
WlR Wid 


SYMthesis octet 


69. 


70. 


Running. Chloe and Abi run on a track every 
morning. It takes Chloe 6 min and Abi 4 min to 
make one trip around the track. Suppose they start 
at the same point and then finish running when 
they again reach the same point. How long do 
they run? [3.1a] 


Place the numbers 3, 4,5, and 6 in the boxes in 


order to make a true equation: [3.5a] 
| 1 
s+ S=3- 
| 4 


Understanding Through Discussion and Writing 


1. Is the sum of two mixed numerals always a mixed 
numeral? Why or why not? [3.5a] 


2. Write a problem for a classmate to solve. Design 
the problem so that its solution is found by per- 
forming the multiplication 43-334. [3.6c] 


3. A student insists that 32-13 = 38. What 
mistake is he making and how should he have 
proceeded? [3.6a] 


4. 


5. 


Discuss the role of least common multiples 
in adding and subtracting with fraction 
notation. [3.2a], [3.3a] 


Find a real-world situation that fits this equation: 


[3.5c], [3.6c] 


. A student insists that 5-34 = (5+3)-(5-4). What 


mistake is she making and how should she have 
proceeded? [3.7a] 
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CHAPTER 


For step-by-step test solutions, access the Chapter Test Prep Videos 
in MyLab Math. 


For 
Extra 
Test = 


Find the LCM. 
1. 16 and 12 


Add and simplify. 

Bae q 2 
at a= 
oo 2 § 3 


Subtract and simplify. 
53 ) 3 
oa Te 


Solve. 


1 
b= dbp = Al 
95 y 


11. Use < or > for [_] to write a true sentence: 


6 All 
7 U5 


Convert to a mixed numeral. 
2 74 


Ne Va ee 
14. 5 5.5 


Add. Write a mixed numeral for the answer. 


2 1 
le Ge 13 ee 
1 

a + 52 
5 6 


Multiply. Write a mixed numeral for the answer, if 
appropriate. 


21. 9-4 22. 6 


ANOS) 
v2] ta 


25. Flying Speed. At top speed, a red-tailed hawk can 
fly 24 times as fast as a California condor. If a red- 
tailed hawk can fly at 121 mph, how fast can a 
California condor fly? 


Data: speedofanimals.com 


2. 15, 40, and 50 


i 19 sil 
5b oP ap 
10 100 1000 
ily il 
8. 74 mF 15 


Convert to fraction notation. 


1 
IP, 3S IB, De 
35 ab ®) 


Divide. Write a mixed numeral for the answer. 


16.11) an7e8 


Subtract. Write a mixed numeral for the answer. 


i 
iO, tld 20. 14 
6 5 
a Bs 
8 


Divide. Write a mixed numeral for the answer, if 


appropriate. 
Lee esl il | 
Hip Be Me 24. 255 7 75 


26. Book Order. An order of books for a math course 
weighs 220 Ib. Each book weighs 2 3 lb. How many 
books are in the order? 


Test: Chapter3 209 


27. Carpentry. The following diagram shows a middle 28. Carpentry. In carpentry, some pieces of plywood 


drawer support guide for a cabinet drawer. Find each that are called “inch” plywood are actually iz in. 
of the following. thick. How much thinner is such a piece than its name 
a) The short length a across the top indicates? 


b) The length b across the bottom 


Attach top 
brace here 


29. Women’s Dunks. The first three women in the 
history of college basketball to dunk a basketball are 
listed below, along with their heights and universities: 


< 
Michelle Snow, 6 a ft, Tennessee; 
a 3" Charlotte Smith, 5 4 ft, North Carolina; 
| Drawer support Georgeann Wells, 6 5 ft, West Virginia. 


Find the average height of these women. 
Data: USA Today, 11/30/00, p. 3C 


Simplify. 
2 1 il 1 fil 1 1\2 
» ~+1=-2= 5 : 
We 328 aoa le als) 
2 alt 
50 6 
32. ——— 
5 


Estimate each of the following as 0, 5, or 1. 


3 93 
33. 34. 


35. Estimate the following by estimating the mixed numeral as a whole number or as a mixed numeral where the 
fraction part is }. 
19 


BO) = = 
56 1 


36. Find the LCM of 12, 36, and 60. 


A. 6 B. 12 
C. 60 D. 180 
SVIIEMGSES 5s es ta Ror eense eres Tica pe eevee Paediatr ecnonen cee nese Mtn tL OL MO MARRS OREO en ttre ARIUAEAAK 
37. The students in a math class can be organized into 38. Rebecca walks 17 laps at her health club. Trent walks 
study groups of 8 each so that no students are left out. 17 laps at his health club. If the track at Rebecca’s 
The same class of students can also be organized into health club is 4 mi long and the track at Trent’s is ‘ mi 
groups of 6 so that no students are left out. long, who walks farther? How much farther? 


a) Find some class sizes for which this will work. 
b) Find the smallest such class size. 
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CHAPTERS 


Cumulative Review 


Solve. What part is shaded? 


1. Cross-Country Skiing. During a three-day holiday : tk | al 8. | EZ 
weekend trip, David and Sally Jean cross-country skied: — ae 
33 mi on Friday, 6% mi on Saturday, and 43 mi on Sun- |_| a 
day. : 
a) Find the total number of miles they skied. | TZ 


b) Find the average number of miles they skied per 
day. Express your answer as a mixed numeral. 


Calculate and simplify. 


oo 27/04 10. 7605 
are 1S = 30137 
ik 27s 12 «6894 
x 18 xX 328 

2. How many people can receive equal $16 shares from a LB. 3 i 20 14. 2 3 

total of $496? 8 24 4 
: 1 

+ = 

: 2 

3. A recipe calls for z tsp of salt. How much salt should be 
used for 5 recipe? for 5 recipes? 

3 il 1 

Ib, a= = 16. = 

5 A 3 : 3 

: 1 

4. How many pieces, each 23 ft long, can be cut from a =e 6 
piece of wire 38 ft long? : 

5. An emergency food pantry fund contains $423. From Q § 5 
this fund, $148 and $167 are withdrawn for expenses. Yi. 10 3 18. 18- 6 
How much is left in the fund? 

: 9 : ZF 1. 3 

6. In a walkathon, Jermaine walked 75 mi and Oleta 19, 5 = 10 20. 2 5 = 10 


walked } mi. What was the total distance they walked? 


Cumulative Review: Chapters 1-3 211 


Divide. Write the answer in the form 34 R 7. 
Al, © VA2 OW i, A SV DSS il 


23. Write a mixed numeral for the answer in Exercise 22. 


24. In the number 2753, what digit names tens? 


25. Room Carpeting. The Chandlers are carpeting an 
L-shaped family room consisting of one rectangle that is 
85 ft by 11 ft and another rectangle that is 65 ft by 75 ft. 


a) Find the area of the carpet. 
b) Find the perimeter of the carpet. 


26. Round 38,478 to the nearest hundred. 


27. Find the LCM of 18 and 24. 


28. Simplify: 
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to write a true sentence. 


3 9 
30. B L] 39 31. 


Use = = or = for 


A 
20 |= 
eG 


Estimate each of the following as 0, 7 or 1. 


BY) 15 2 
32. 30 33. 29 34. B 
Simplify. 

36 0 320 
35 5 36. 7 37. 70 


: ; 5 
38. Convert to fraction notation: oa ? 


39. Convert to a mixed numeral: 2. 


Solve. 

AN oar Rie ee 
iu3 

2 ls _ : OS UD 


44. Matching. Match each item in the first column with 
the appropriate item in the second column by drawing 
connecting lines. There can be more than one correct 
correspondence for an item. 


Factors of 68 12, 54, 72, 300 
Factorization of 68 De 3, NH, WEE 8h, Sil, a7, ONL 
Prime factorization of 68 Rowe iy 


Numbers divisible by 6 2°34 
Numbers divisible by 8 8, 16, 24, 32, 40, 48, 64, 864 
Numbers divisible by 5 1, 2, 4, 17, 34, 68 


Prime numbers TO, 95, 2S 


SUMtNGSIS) Ao 5 et ctr teh et 


45. Find the smallest prime number that is larger than 
2000. 
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Notation to Decimal Notation 
4.6 Estimating 


4.7. Applications and Problem 
Solving 


4e 


Decimal Notation 


The average American eats 1996.3 lb of food per year. The graph shown here gives 
a visual comparison of the numbers of pounds of certain foods consumed per year 
per person. The average ‘ 
American also consumes 
Vegetables 415.4 |b 53 gallons of soda, 29 lb 
of French fries, 23 lb of 


What Americans Eat 


Fruits . . 
er . eae pizza, and 24 lb of ice 
Dairy, including 631.9 lb 
cheese and milk ' cream per year. 
Beef and pork 108.9 lb DATA: niftyhomestead.com; 
Poultry 73.6 |b visualeconomics.com 
: lw 
Fish and 
shellfish f 26-1 
Eggs | 32.7 lb 
Flour and 192.3 lb 
cereal products 
100 200 300 400 500 600 700 
Number of pounds, yearly, 
per average American - 


DATA: visualeconomics.com 


. 


In Exercise 11 of Exercise Set 4.7, we will calculate the number of 
pounds of fruits and vegetables the average American eats per day. 
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STUDYING FORSUCCESS Time Management 


ge 8G 


4.1 


OBJECTIVES 
a Given decimal notation, 
write a word name. 


Db Convert between decimal 
notation and fraction 
notation. 


ie Given a pair of numbers 
in decimal notation, tell 
which is larger. 


da Round decimal notation 
to the nearest thousandth, 
hundredth, tenth, one, 

ten, hundred, or thousand. 


THANK YOU. 
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As a rule, budget 2-3 hours for doing homework and studying for every hour you spend in class. 


Balance work and study carefully. Be honest with yourself about how much time you have available 
to work, attend class, and study. 


Make an hour-by-hour schedule of your week, planning time for leisure as well as work and study. 
Use your syllabus to help you plan your time. Transfer project deadlines and test dates to your calendar. 


Decimal Notation, Order, and Rounding 


The set of arithmetic numbers, or nonnegative rational numbers, consists of 
the whole numbers 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and so on, and fractions like 
5,4, 4,14, and so on. Note that we can write the whole numbers using fraction 
notation. For example, 3 can be written as 7. We studied the use of fraction 
notation for arithmetic numbers in Chapters 2 and 3. 

In this chapter, we will study the use of decimal notation. The word decimal 
comes from the Latin word decima, meaning a tenth part. Although we are using 
different notation, we are still considering the nonnegative rational numbers. 
Using decimal notation, we can write 0.875 for 2, for example, or 48.97 for 48 75. 


fa DECIMAL NOTATION AND WORD NAMES 


One model of the iRobot Roomba robot vacumn with Wi-Fi connectivity 
sells for $697.99. The dot in $697.99 is called a decimal point. Since $0.99, or 
99¢, is a of a dollar, it follows that 


$697.99 = $697 + $0.99. 


Also, since $0.99, or 99¢, has the same value as 9 dimes + 9 pennies and 1 dime 
is ii of a dollar and 1 penny is Ma of a dollar, we can write 

il 1 

697.99 = 6-100 + 9-10 + 7-14+9 7: ks 100° 

This is an extension of the expanded notation for whole numbers that we 
used in Chapter 1. The place values are 100, 10, 1, i: —. and so on. We can 
see this on a place-value chart. The value of each place is iz as large as that 
of the one to its left. 

Let’s consider decimal notation using a place-value chart to represent 
3.46583 min, the winning time for a gold medal by the U.S. men’s 4 x 100 
meters medley relay team. Members of the swim team, pictured at left, were 
Nathan Adrian, Michael Phelps, Ryan Murphy, and Cody Miller. 


PLACE-VALUE CHART 


Hundred- 
Thousandths 


; rome | 
Hundredths 


BR 


Ea Thousandths 
Ten- 
Thousandths 


S 
S 


Hundreds 
pe [ame 
p= [ome 


= 
= 


il il 
1000 | 10,000 | 100,000 


The decimal notation 3.46583 means 

4 6 5 8 3 46,583 
+ + + + , OF 

10 100 1000 10,000 100,000 100,000 

We read both 3.46583 and 3 ian as 


3b 


“Three and forty-six thousand five hundred eighty-three 
hundred-thousandths.” 


We can also read 3.46583 as 


“Three point four six five eight three.” 


To write a word name from decimal notation, 


a) write a word name for the 397.685 
whole number (the number aa eer 
named to the left of the 


: : ninety-seven 
decimal point), 


b) write the word “and” for 397.685 
the decimal point, and Three hundred 
ninety-seven and 
c) write a word name for the 397.685 
number named to the right of Three hundred 
the decimal point, followed by ninety-seven and 
the place value of the last digit. six hundred 
eighty-five 
thousandths 


EXAMPLE 1 Median Age. The median age of residents in Florida is 
41.8 years. The median age of residents in Alaska is 33.3 years. The median 
age in the United States is 37.8 years. Write word names for 41.8, 33.3, 
and 37.8. 

Data: Statista; U.S. Census Bureau 


Forty-one and eight tenths 
Thirty-three and three tenths 
Thirty-seven and eight tenths 


UNITED STATES 


ALASKA 378 years FLORIDA 
33.3 years 41.8 years 


EXAMPLE 2. Write a word name for 19.3806. 
Nineteen and three thousand eight hundred six ten-thousandths ® 
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1. Life Expectancy. The life expec- 
tancy at birth in South Africa in 
2016 was 61.6 years for males and 
64.6 years for females. Write word 
names for 61.6 and 64.6. 


Data: World Health Organization 


2. 10,000-Meter Record. Almaz 
Ayana of Ethiopia holds the 
women’s world record for the 
10,000-meter run: 29.2908 min. 
Write a word name for 29.2908. 


Data: The World Almanac 2017 


Write a word name for each 
number. 


3. 245.89 
4. 34.0064 


5. 31,079.756 


Answers 


1. Sixty-one and six tenths; sixty-four and 
six tenths 

2. Twenty-nine and two thousand nine 
hundred eight ten-thousandths 

3. Two hundred forty-five and eighty-nine 
hundredths 

4. Thirty-four and sixty-four 
ten-thousandths 

5. Thirty-one thousand, seventy-nine and 
seven hundred fifty-six thousandths 
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EXAMPLE 3 Highest Auction Price. A 1956 Aston Martin DBR1 sold 
for $22.55 million at the RM Sotheby’s Monterey 2017 auction. This amount 
was the highest paid for a car sold at auction from January through August 
2017. Write a word name for 22.55. 


Data: classic-car-auctions.info, “2017 (January to August): Ten Most-Expensive Cars Sold at 
Public Auction” by Henk Bekker 


Twenty-two and fifty-five hundredths 


EXAMPLE 4 Write a word name for 1788.045. 
One thousand, seven hundred eighty-eight and forty-five thousandths 


«@ Do Exercises 1-5. 


D) CONVERTING BETWEEN DECIMAL NOTATION 
AND FRACTION NOTATION 


Given decimal notation, we can convert to fraction notation as follows: 
8 7 5 
875 =9+—4+ + 

scala 10 100 1000 

1000 =6©8 100 7 10 5 

° + ° + ° + 

1000 10 100 100 10 ~~ 1000 

9000 800 70 5 9875 
+ + + = 

1000 1000 1000 1000 = 1000 


Decimal notation -—— Fraction notation 


Vv 
9875 
rN 
3 decimal places 3 zeros 


To convert from decimal to fraction notation, 


a) count the number of decimal places, 4.98 
—_ 2 places 
b) move the decimal point that many 4.98. Move 
places to the right, and 2 places. 
c) write the answer over a denominator 498 
with a 1 followed by that number of zeros. 100 = 2zeros 


EXAMPLE 5 Write fraction notation for 0.876. Do not simplify. 


876 
0.876 als 0.876 = 1000 
3 places 3 zeros 


For a number like 0.876, we generally write a 0 before the decimal point 
to draw attention to the presence of the decimal point. G 


EXAMPLE 6 Write fraction notation for 56.23. Do not simplify. 


56.23 56.23. 56.23 = 20m 
\A 100 
2 places 2 zeros 8 


EXAMPLE 7 Write fraction notation for 1.5018. Do not simplify. 


1.5018 1.5018 1.5018 = pak 
Va 10,000 
4 places 4 zeros 


Do Exercises 6-9. D 


If fraction notation has a denominator that is a power of ten, such as 10, 
100, 1000, and so on, we convert to decimal notation by reversing the proce- 
dure that we used before. 


To convert from fraction notation to decimal notation when the 
denominator is 10, 100, 1000, and so on, 
a) count the number of zeros, and 8679 
1000 
= 3 zeros 
b) move the decimal point that 8.679. 
number of places to the left. Move 3 places. 
Leave off the denominator. 8679 
—— = 8.679 
1000 
SECTION 4.1 


Write fraction notation. 


0.896. places 
Se 896 
0.896 = 

7. 23.78 

8. 5.6789 

9, 1.9 

Answers 

6 896 2378 56,789 19 

“1000 * 100 * 10,000 ~* 10 

Guided Solution: 

6. 3, 000 
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Write decimal notation. 


Zeros 
743 _ 
100 


Write decimal notation. 


3 
14. 4— 
10 


71 
1S...283 T00 


13 
16. 456 000 


Answers 

10. 7.43 11. 0.406 
14. 4.3 15. 283.71 
Guided Solution: 
10. 2, 2, 43 
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12. 6.7089 13. 0.9 
16. 456.013 


Decimal Notation 


4 
EXAMPLE 8 Write decimal notation for 


47 47 
4.7. — = 
10 i 10 
i 1 zero 1 place a) 
123,06 
EXAMPLE 9 Write decimal notation for : z 
10,000 
123,067 123,067 _ 
10,000 eels 10,000 salad 
—_ 4 zeros 4 places B 
: : . 13 
EXAMPLE 10 Write decimal notation for T. 
13 13 
ae 0.013. — = 0.01 
1000 mY 1000 ° 
— 3 zeros 3 places B 
: : . 570 
EXAMPLE 11 Write decimal notation for ; 
100,000 
570 
100,000 eae 100,000 — ennee 
5 zeros 5 places 


Note that when we write the decimal notation, it is not necessary to 
include the 0 that follows the 7. 


«@ Do Exercises 10-13. 


When denominators are numbers other than 10, 100, and so on, we will 
use another method for conversion. It will be considered in Section 4.5. 

If a mixed numeral has a fraction part with a denominator that is a 
power of ten, such as 10, 100, or 1000, and so on, we first write the mixed 
numeral as a sum of a whole number and a fraction. Then we convert to 
decimal notation. 


EXAMPLE 12 Write decimal notation for 23 = 


= 2 a : 


129 
EXAMPLE 13 Write decimal notation for 772 Tou 


129 129 
——_ = 772 + ——_ 
772 10,000 772 772 and 


«@ Do Exercises 14-16. 


10,000 = 772.0129 


(©) ORDER 


To understand how to compare numbers in decimal notation, consider 0.85 
and 0.9. First note that 0.9 = 0.90 because 7; = 7. Then 0.85 = 4 and 
0.90 = . Since 4 < *. it follows that 0.85 < 0.90. This leads us to a 
quick way to compare two numbers in decimal notation. 


COMPARING NUMBERS IN DECIMAL NOTATION 


To compare two numbers in decimal notation, start at the left and 
compare corresponding digits moving from left to right. If two digits 
differ, the number with the larger digit is the larger of the two num- 
bers. To ease the comparison, extra zeros can be written to the right 
of the last decimal place. 


te J) 


EXAMPLE 14 Which of 2.109 and 2.1 is larger? 


Think. 
2.109 2.109 
> 
2.1 2.100 
Same — Different; 9 > 0 
Thus, 2.109 is larger than 2.1. That is, 2.109 > 2.1. ie Which number is larger? 
EXAMPLE 15 Which of 0.09 and 0.108 is larger? ad 
Think. 18. 0.06, 0.008 
oP = 19. 0.5, 0.58 
0.108 0.108 
cian 20. 1, 0.9999 
Same '— Different; 1 > 0 
Thus, 0.108 is larger than 0.09. That is, 0.108 > 0.09. 21. 0.8989, 0.09898 
Do Exercises 17-22. D 22. 21.006, 21.05 
(@) ROUNDING 
Round to the nearest ten, 
Rounding of numbers in decimal notation is done as for whole numbers. To hundred, or thousand. {1.6a| 
understand, we first consider an example using the number line. It might Round 4735 to the nearest: 
help to review Section 1.6. 1. Ten. 


2. Hundred. 
3. Thousand 
Answers: 1. 4740 2.4700 3.5000 


0 v1 He 03 te 05 ue 07 08 whe l MyLab Math 
rr | es ee VIDEO 


EXAMPLE 16 Round 0.37 to the nearest tenth. 
Here is part of a number line. 


We see that 0.37 is closer to 0.40 than to 0.30. Thus, 0.37 rounded to the 
nearest tenth is 0.4. @ Answers 


17. 2.04 18. 0.06 19. 0.58 20. 1 
21. 0.8989 22. 21.05 
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Round to the nearest tenth. 
23. 2.76 24. 13.85 


25. 234.448 26. 7.009 


Round to the nearest hundredth. 
27. 0.636 28. 7.834 


29. 34.675 30. 0.025 


Round to the nearest thousandth. 
31. 0.9434 32. 8.0038 


33. 43.1119 34. 37.4005 


Round 7459.3548 to the nearest: 
35. Thousandth. 


36. Hundredth. 


37. Tenth. 38. One. 


39. Ten. (Caution: “Tens” are not 
“tenths.”) 


40. Hundred. 41. Thousand. 


Answers 


23. 2.8 24. 13.9 25. 234.4 26. 7.0 
27. 0.64 28. 7.83 29. 34.68 30. 0.03 
31. 0.943 32. 8.004 33. 43.112 

34. 37.401 35. 7459.355 36. 7459.35 
37. 7459.4 38. 7459 39. 7460 

40. 7500 41. 7000 
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ROUNDING DECIMAL NOTATION 


To round to a certain place: 


a) Locate the digit in that place. 
b) Consider the next digit to the right. 


c) If the digit to the right is 5 or higher, round up. If the digit to the 
right is 4 or lower, round down. 


XQ S 


EXAMPLE 17 Round 3872.2459 to the nearest tenth. 


a) Locate the digit in the tenths 
place, 2. 


3872.2459 3872.3 is not a correct answer to 


Example 17. It is incorrect to round 
from the ten-thousandths digit over 
to the tenths digit, as follows: 


3872.246 — 3872.25 — 3872.3. 


b) Consider the next digit to the 
right, 4. 


3872.2459 


i 


c) Since that digit, 4, is 4 or lower, round down. 


3 8 7 2.2 <— This is the answer. @ 


EXAMPLE 18 Round 3872.2459 to the nearest thousandth, hundredth, 
tenth, one, ten, hundred, and thousand. 


Thousandth: 3872.246 Ten: 3870 
Hundredth: 3872.25 Hundred: 3900 
Tenth: 3872.2 Thousand: 4000 
One: 3872 O 


EXAMPLE 19 Round 14.8973 to the nearest hundredth. 
a) Locate the digit in the hundredths place, 9. 14.8973 


14.8973 


7 


c) Since that digit, 7, is 5 or higher, round up. When we make the hundredths 
digit a 10, we carry 1 to the tenths place. 


b) Consider the next digit to the right, 7. 


The answer is 14.90. Note that the 0 in 14.90 indicates that the answer is 
correct to the nearest hundredth. @ 


EXAMPLE 20 Round 0.008 to the nearest tenth. 


a) Locate the digit in the tenths place, 0. 0.008 
i 
b) Consider the next digit to the right, 0. 0.008 


c) Since that digit, 0, is less than 5, round down. 


The answer is 0.0. 
<@ Do Exercises 23-41. 


FOR 
4.1 EXTRA @) MyLab Math 


v Check Your Understanding 
Reading Check Name the digit that represents each place value in the number 436.81205. 


RC1. Hundred-thousandths ____ RC2. Thousandths ___ 


RC3. Tens —___ RC4. Ten-thousandths ___ 
RCS. Tenths ___ RC6. Hundreds ___ 


RC7. Hundredths ___ RC8. Ones ___ 


Concept Check Arrange the numbers in order from smallest to largest. 
CCI. 0.99, 0.099, 1, 0.9999, 0.89999, 1.00009, 0.909, 0.9889 


CC2. 2.1, 2.109, 2.108, 2.018, 2.0119, 2.0302, 2.000001 


1. Currency Conversion. One U.S. dollar was worth 2. Currency Conversion. One U.S. dollar was worth 


about 17.7178 Mexican pesos recently. Write a word 
name for 17.7178. 


Data: OANDA Rates™ 


1.251 Canadian dollars recently. Write a word name 
for 1.257. 


Data: OANDA Rates™ 


3. Birth Rate. There were 103.6 triplet and higher- . Rice Consumption. Annual per capita rice 
order multiple births per 100,000 live births in a consumption in Indonesia is 324.5 lb. In the United 
recent year in the United States. Write a word name States, annual per capita rice consumption is only 
for 103.6. 73.48 lb. Write word names for 324.5 and 73.48. 
Data: multiplesofamerica.org Data: uark.edu 

5. Pole Position at Indy 500. Scott Dixon won the 6. Stock Price. Wal-Mart’s stock price was recently 


pole position for the 2017 Indianapolis 500 with a 
speed of 232.164 mph. This was the fastest qualifying 
speed for four laps recorded in 21 years. Write a word 
name for 232.164. 


Data: bleacherreport.com 


$79.96 per share. Write a word name for 79.96. 
Data: New York Stock Exchange 
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Write a word name for the number in each sentence. 


7. One gallon of paint is equal to 3.785 L of paint. 8. Water Weight. One gallon of water weighs 8.35 Ib. 


b) Write fraction notation. Do not simplify. 


9. 8.3 10. 203.6 11. 3.56 12. 0.17 
13. 20.003 14. 1.509 15. 1.0008 16. 2.0114 
17. 37.2 18. 4567.2 19. 0.00013 20. 6.14057 


Write decimal notation. 


21 = 22 af 23 as 24. = 
* 10 ” 10 * 1000 * 1000 
25 aa 26 = 27 » 28 50788 
* 100 * 100 * 100,000 * 100,000 
5a 78 ‘0 13,463 ise 376,193 4 8,953,074 
* 10,000 * 10,000 * 1,000,000 * 1,000,000 
9 1 98 67 
33. 250 34, 9243 55 35. aan 36. Aan 
44 83 1739 3059 
37. 29 500 38. OT 00 39. 2 70.000 40. 2256 70,000 


cs Which number is larger? 


41. 0.06, 0.58 42. 0.008, 0.8 43. 0.905, 0.91 44, 42.06, 42.1 
45. 0.0009, 0.001 46. 7.067, 7.054 47. 234.07, 235.07 48. 0.99999, 1 
4 73 
49. 0.004, 50 50. 10° 0.73 51. 0.432, 0.4325 52. 0.8437, 0.84384 
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da Round to the nearest tenth. 


53. 0.11 54. 0.85 55. 0.49 56. 0.5394 
57. 2.7449 58. 4.78 59. 123.65 60. 36.049 


Round to the nearest hundredth. 
61. 0.893 62. 0.675 63. 0.6666 64. 6.524 


65. 0.995 66. 207.9976 67. 0.094 68. 11.4246 


Round to the nearest thousandth. 
69. 0.3246 70. 0.6666 71. 17.0014 72. 123.4562 


73. 10.1011 74. 0.1161 75. 9.9989 76. 67.100602 


Round 809.5732 to the nearest: 
77. Hundred. 78. Tenth. 79. Thousandth. 


80. Hundredth. 81. One. 82. Ten. 


Round 34.54389 to the nearest: 
83. Ten-thousandth. 84. Thousandth. 85. Hundredth. 


86. Tenth. 87. One. 88. Ten. 


SKAUL Maitre occ cece ecesecssessessessessesrecssesssscrassrecsrssuserassressnsssussrissrsssreesserissressnseseereeesess 
Round 6172 to the nearest: [1.6a] 


89. Ten. 90. Hundred. 91. Thousand. 
Find the prime factorization. [2.1d] Simplify. [2.5b] 
30 120 
92. 2000 93. 1530 94, 106 95. 100 
SYMEMOSTS oe cece cece ese eesesseeseeseeseeesesesssesieesesissiseseissnssessesiesiesississiseiseessisietiesiesiesiseissitesessessen 


Truncating. There are other methods of rounding decimal notation. To round using truncating, we drop off all decimal places 
past the rounding place, which is the same as changing all digits to the right to zeros. For example, rounding 6.78093456285102 
to the ninth decimal place, using truncating, gives us 6.780934562. Use truncating to round each of the following to the fifth 
decimal place—that is, the hundred-thousandth place. 


96. 6.78346623 97. 6.783465902 98. 99.999999999 99. 0.030303030303 
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Addition and Subtraction 


4.2 


(@) ADDITION 
OBJECTIVES 


sedbeabtod yess Maepavecsessee nei esiet Adding with decimal notation is similar to adding whole numbers. First, we 
: : : line up the decimal points so that we can add corresponding place-value dig- 
a nag using dsemiabnotaHet its. Then we add digits from the right. For ee add the thousandths, 
Db Subtract using decimal then the hundredths, and so on, carrying if necessary. If desired, we can write 
notation. extra zeros to the right of the decimal point so that the number of places is 
: the same in all of the addends. 

fj Solve equations of the 

typex + a = band 


a +x = b,wherea 
and b may be in decimal 


EXAMPLE 1. Add: 56.314 + 17.78. 
5 6.3 1 4 Lining up the decimal points in order to add 
1 7§ 


notation. + 7 8 O Writing an extra zero to the right of the 
decimal point 
5 6.3 1 4 
+ 17.7 8 0 
4 Adding thousandths 
Add whole numbers. 5 6.3 1 4 
[1.2a] + 1 7.7 0 
1 387 9 4 Adding hundredths 
+254 
1 
* %FOO8 5 6.3 1 4 Adding tenths 
7 3499 + 17.9 0 We get 10 tenths = 1 one + 0 tenths, 
pe ere reir 09 4 so we carry the 1 to the ones column. 
ae nie ; Writing a decimal point in the answer 
VIDEO 
1 fi 
5 6.3 1 4 Adding ones 
Add + 17.7 8 0 We get 14 ones = 1 ten + 4 ones, 
, 4.09 4 so we carry the 1 to the tens column. 
1 0.847 , 
+ 10.07 i 
5 6.3 1 4 
2 al + 17.7 8 0 
0.73 7 4. 9 4 Adding tens 
+ 31.368 Do Exercises 1-2. 
EXAMPLE 2) Add: 3.42 + 0.237 + 14.1. 
Add. 3.420 Lining up the decimal points 
3. 0.02 + 4.3 + 0.649 0.237 and writing extra zeros 
+14.100 
4. 0.12 + 3.006 + 0.4357 17.987 Adding 
5. 0.4591 + 0.2374 + 8.70894 <@ Do Exercises 3-5. 
Answers 


1. 10.917 2. 34.198 3. 4.969 
4. 3.5617 5. 9.40544 
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Now we consider the addition 3456 + 19.347. Keep in mind that any 


whole number has an “unwritten” decimal point at the right that can be Add. 
followed by zeros. For example, 3456 can also be written 3456.000. When 6. 789 + 123.67 
adding, we can always write in the decimal point and extra zeros if desired. 
EXAMPLE 3 Add: 3456 + 19.347. pcs) Ue BOTS Se ZAG se MEAG 
1 1 
1256, 00e iieiedeti ad peas 
. ee in the ee ee and extra zeros 24671000 
+ 19.347 rabbi: up the decimal points re 1.993 
Do Exercises 6 and 7. D> 
() suBTRACTION 
Subtracting with decimal notation is similar to subtracting whole numbers. 
First, we line up the decimal points so that we can subtract corresponding Subtract whole numbers. [13a] 
place-value digits. Then we subtract digits from the right. For example, we Subtract. 
subtract the thousandths, then the hundredths, the tenths, and so on, bor- 1. 236 
rowing if necessary. ={1 99 
EXAMPLE 4 Subtract: 56.314 — 17.78. ze ‘ . : : 


56.314 Lining up the decimal points in order to subtract 


Answers: 1.127 2. 2356 


-—17.780 Writing an extra 0 
VIDEO 


56.314 
— 17.780 
4 Subtracting thousandths 
211 
56.3 44 Borrowing tenths to subtract hundredths 
— 17.780 


3 4 Subtracting hundredths 


12 


5 711 
56.21 4 Borrowing ones to subtract tenths 
— 17.780 
534 Subtracting tenths; writing a decimal point 
43 48 Subtract. 
4 8 Z11 
36.31 4 Borrowing tens to subtract ones )cs) 8. 37.428 — 26.674 
— 17.780 is 
8.534 — Subtracting ones 3 : Dy 
15 12 = 
er = 26.674 
36.314 a fH 
— 17.780 
38.534 Subtracting tens 9 0.347 
Check by adding: Vides ai 
; The answer checks because 
+ 17.780 this is the top number in the Aces 
56.314 <~| subtraction. 6. 912.67 7. 2514.773 8. 10.754 
9. 0.339 
Guided Solutions: 


Do Exercises 8 and 9. D> 7.1.1.5.7 8 13,12,0,5 
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Subtract. 
10. 1.2345 — 0.7 


11. 0.9564 — 0.4392 


12. 7.37 — 0.00008 


Subtract. 
13. 1277 — 82.78 


14. 5 — 0.0089 
10 
5 6-00 J 
=@0.0089 
4.) il 
Answers 


10. 0.5345 11. 0.5172 12. 7.36992 


13. 1194.22 14. 4.9911 


Guided Solution: 
14.4999,9,1 
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EXAMPLE 5 Subtract: 13.07 — 9.205. 


12 
Z 10 610 
¥32.079 Writing an extra zero 
-— 9.205 
3.865 Subtracting O 


EXAMPLE 6 Subtract: 23.08 — 5.0053. 


113 7 910 
23.0860 Writing two extra zeros 
- 5.0053 


18.0747 Subtracting 


Check by adding: 


1 t 4 
18.0747 
+ 5.0053 
23.0800 


< Do Exercises 10-12. 
When subtraction involves a whole number, again keep in mind that 


there is an “unwritten” decimal point that can be written in if desired. Extra 
zeros can also be written in to the right of the decimal point. 


EXAMPLE 7 Subtract: 456 — 2.467. 


5 9 910 
45 6.00 0 Writing in the decimal point and extra zeros 
— 2.467 


453.9 33 Subtracting 
<@ Do Exercises 13 and 14. 


(©) SOLVING EQUATIONS 


Now let’s solve equations x + a = banda + x = b, where a and b may be 
in decimal notation. Proceeding as we have before, we subtract a on both 
sides. 


EXAMPLE 8 Solve: x + 28.89 = 74.567. 


We have 
x + 28.89 — 28.89 = 74.567 — 28.89 Subtracting 28.89 on both 
sides 
x = 45.677. 18) i 
6 3B A 16 
T4567 
28.890 
45.677 
The solution is 45.677. @ 


EXAMPLE 9 Solve: 0.8879 + y = 9.0026. 
We have 


0.8879 + y — 0.8879 = 9.0026 — 0.8879 Subtracting 0.8879 on both sides 


y = 8.1147. 11 
8 9 9 16 


900 2 6 
-0.8879 


81147 Solve. 


15. x + 17.78 = 56.314 
The solution is 8.1147. . 


Do Exercises 15 and 16. > 16. 8.906 + t = 23.07 
EXAMPLE 10 Solve: 120 + x = 4380.6. 
We have 
120 + x — 120 = 4380.6 — 120 Subtracting 120 on both sides 
x = 4260.6. 4380.6 
= 12) 17. Solve: 241 + y = 2374.5. 
4260.6 
The solution is 4260.6. Anes 
Do Exercise 17. D 15. 38.534 16. 14.164 17. 2133.5 


FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Complete each subtraction and its check by selecting a number from the list on the right. 


RCL 23.7 Check; 21.824 23.7 
=e hg 76 ie 8 76 187.623 
SEs [ 21.824 

RC2. 187.623 Check: 146.723 Ue 
Rec hz 1.876 

=e 146.723 


Concept Check Choose from the list on the right the most appropriate step for solving each equation. 


CCl. 0.13 + x = 6.2 a) Subtract 6.2 on both sides. 

CC2. 5.7 = 0.48 + y b) Subtract 0.48 on both sides. 
c) Subtract 0.13 on both sides. 
d) Subtract 5.7 on both sides. 
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5. 9.104 
+123.456 


9. 39 + 1.007 


13. 0.34 + 3.5 + 0.127 + 768 


2. 641.803 


+ 14.935 
6. 81.008 
+ 3.409 


10. 2.3 + 0.729 + 23 


15. 99.6001 + 7285.18 + 500.042 + 870 


Db Subtract. 


17. 5:1.3 1 
= 2.2.9 
21. 2a 
— 0.0025 


25. 28.2 — 19.35 


29. 8.45 — 7.405 
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22. 3 9.0 


26. 100.16 — 0.118 


30. 3.801 — 2.81 


Decimal Notation 


3: 


7. 20.0124 + 30.0124 


11. 


23. 


659.403 


+916.812 


47.8 
219.852 
43.59 
+666.713 


. 17 + 3.24 + 0.256 + 0.3689 


4. 


8. 


4203.28 
+ 323-9 


0.687 + 0.9 


13.72 

9.112 
6542.7908 
+ 23.901 


. 65.987 + 9.4703 + 6744.02 + 1.0003 + 200.895 


3.4 
— 0.0 03 


- 34.07 — 30.7 


. 6.003 — 2.3 


20. 


28. 


32, 


2.8 
— 2.0 8 


36.2 — 16.28 


9.087 — 8.807 
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33. 1 — 0.0098 34. 2 — 1.0908 35. 100 — 0.34 36. 624 — 18.79 


37. 7.48 — 2.6 38. 18.4 — 5.92 39. 3 — 2.006 40. 263.7 — 102.08 
41. 19 — 1.198 42. 2548.98 — 2.007 43. 65 — 13.87 44. 45 — 0.999 
45. 32.7978 46. 0.49634 47. 6.0 7 48. 1.0 

- 00592 — 0.12678 — 2.0078 — 0.9999 


fe Solve. 


49. x + 17.5 = 29.15 50. ¢ + 50.7 = 54.07 51. 17.95 + p = 402.63 
52. w + 1.3004 = 47.8 53. 13,083.3 = x + 12,500.33 54. 100.23 = 67.8 + z 
55. x + 2349 = 17,684.3 56. 1830.4 + t = 23,067 
SD FRWUE DN AMMA VAN Ge acs denen noice teers eel ba ine neds Dacbi eS tosa gushee ec veMoneip Casestdabonliein 
57. Round 34,567 to the nearest thousand. [1.6a] 58. Round 34,496 to the nearest thousand. [1.6a] 
Subtract. 
13. 3 8 2 
59. —— — [3.3a] 60. —— — [3.3a] 61. 8805 — 2639 [1.3a] 62. 8005 — 2639 [1.3a] 
24 8 9 15 
Solve. 
63. A serving of filleted fish is generally considered to be 64. A photocopier technician drove 1254 mi away from 
about 5 |b. How many servings can be prepared from Scottsdale for a repair call. The next day he drove 
55 lb of flounder fillet? [3.6c] 65; mi back toward Scottsdale for another service call. 


How far was the technician from Scottsdale? [3.5c] 


BS PRUE MNIS SNS ace inaceevcrsp casio acer dnc tsa tet actos oats acer eset wth ctr abv ancs on uontueananc adn a seen 


65. A student presses the wrong button when using a calculator and adds 235.7 instead of subtracting it. The incorrect 
answer is 817.2. What is the correct answer? 
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Multiplication 


4.3 


OBJECTIVES 


ia Multiply using decimal 
notation. 


{6 Convert from notation like 
45.7 million to standard 

notation, and convert 

between dollars and cents. 


(@) MULTIPLICATION 


Multiply whole numbers.  {1.4a] 
Multiply. 
Le 42 2 Fil @ 
x 6 3 x S58 


VIDEO 
Let’s find the product 
2.3 X 1.12. 


Answers: 1. 2646 2. 41,528 


To understand how we find such a product, we first convert each factor to 
fraction notation. Next, we multiply the numerators and then divide by the 
product of the denominators. 


23 112 = 23 X 112 _ 2576 


10 * 100 10x 100 1000 7° 


2.3 X 112 = 


Note the number of decimal places. 


1.12 (2 decimal places) 
xX 2.3 (1 decimal place) 
2.576 (3 decimal places) 


Now consider 
11 150,002 1,650,022 


0.011 X 15.0002 = x = 0.1650022. 
1000 ~=—-:10,000 ~—: 10,000,000 
Note the number of decimal places. 
15.0002 (4 decimal places) 
x 0.011 (3 decimal places) 
0.1650022 (7 decimal places) 
To multiply using decimals: 0.8 X 0.43 
a) Ignore the decimal points and 2 
multiply as though both 0.4 3 
factors were whole numbers. x 0.8 Ignore the decimal 
b) Then place the decimal point 344 points for now. 
in the result. The number of 0.4 3 (2 decimal places) 
decimal places in the product x 0.8 (1 decimal place) 
is the sum of the numbers of 0344 (S decimaliplaces) 
places in the factors. (Count , P 
places from the right.) 
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EXAMPLE 1 Multiply: 8.3 x 74.6. 
a) We ignore the decimal points and multiply as though factors were whole 
numbers. 
7 4.6 
x 8.3 
2238 
59680 
61918 
b) We place the decimal point in the result. The number of decimal places in 
the product is the sum of the numbers of places in the factors, 1 + 1, or 2. 
7 4.6 (1 decimal place) 
x 8.3 (1 decimal place) 
2238 
59680 
619.1 8 (2 decimal places) 


Do Exercise 1. > 


EXAMPLE 2 Multiply: 0.0032 x 2148. 


2148 (0 decimal places) 
x 0.00 32 (4 decimal places) 


4296 
64440 
6.8736 (4decimal places) ) 


EXAMPLE 3 Multiply: 0.104 x 0.86. 


0.8 6 (2 decimal places) 
x 0.104 (3 decimal places) 


344 
8 600 
0.08944 (5 decimal places) 


Do Exercises 2 and 3. D> 


Multiplying by 0.1, 0.01, 0.001, and So On 


Now let’s consider some special kinds of products. The first involves multi- 
plying by a tenth, hundredth, thousandth, ten-thousandth, and so on. Let’s 
look at such products. 


0.1 X 38 = =X 38= > = 38 

0.01 xX 38 = — xX 38 = ~~ = 0.38 
0.001 x 38 = “0d x 38 = a = 0.038 
0.0001 x 38 = ama xX 38 = aan = 0.0038 


Note in each case that the product is symaller than 38. That is, the decimal point 
in each product is farther to the left than the unwritten decimal point in 38. 


1. Multiply. 


Multiply. 
2. 


8 5.4 


xX 6.2 


1234 


0041 


pcs) 3.42.65X0.804 


x 0 


42.65 


x 0.804 


3 4 


Ifo © @ 


iL2 OR 


3 4. 


Answers 


1. 529.48 2. 5.0594 3. 34.2906 


90 O 


Guided Solution: 


3. 7,0, 2,6 
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Multiplication 
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Multiply. 
4. 0.1 X 3.48 


5. 0.01 x 3.48 
6. 0.001 x 3.48 


7. 0.0001 x 3.48 


Multiply. 
8. 10 x 3.48 


9. 100 x 3.48 
10. 1000 x 3.48 


11. 10,000 x 3.48 
Answers 
4. 0.348 5. 0.0348 6. 0.00348 


7. 0.000348 8. 34.8 9. 348 
10. 3480 11. 34,800 
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To multiply any number by 0.1, 0.01, 0.001, and so on, 


a) count the number of 0.001 X 34.45678 
decimal places in the tenth, 
hundredth, or thousandth, 3 places 


and so on, and 


b) move the decimal point 0.001 x 34.45678 = 0.034.45678 
in the other number that = 


many places to the left. ee es 


to the left. 
0.001 x 34.45678 = 0.03445678 


EXAMPLES Multiply. 

4. 0.1 X 14.605 = 1.4605 1.4.605 

5. 0.01 X 14.605 = 0.14605 

6. 0.001 X 14.605 = 0.014605 We write an extra zero. 


7. 0.0001 x 14.605 = 0.0014605 We write two extra zeros. 


<@ Do Exercises 4-7. 


Multiplying by 10, 100, 1000, and So On 
Next, let’s consider multiplying by 10, 100, 1000, and so on. Let’s look at 
some of these products. 
10 X 97.34 = 973.4 
100 x 97.34 = 9734 
1000 x 97.34 = 97,340 


Note in each case that the product is /arger than 97.34. That is, the decimal 
point in each product is farther to the right than the decimal point in 97.34. 


To multiply any number by 10, 100, 1000, and so on, 
a) count the number of zeros, 1000 x 34.45678 


and ‘ 

b) move the decimal point oi 
in the other number that 1000 x 34.45678 = 34,456.78 
many places to the right. Move 3 places 


to the right. 
1000 x 34.45678 = 34,456.78 


\ JS 


EXAMPLES Multiply. 

8. 10 X 14.605 = 146.05 14.6.05 

9. 100 X 14.605 = 1460.5 

10. 1000 X 14.605 = 14,605 

11. 10,000 X 14.605 = 146,050 14.6050. We write an extra zero. 


< Do Exercises 8-11. 


(5) NAMING LARGE NUMBERS; 
MONEY CONVERSION 


Naming Large Numbers 


We often see notation like the following in newspapers and 
magazines and on television and the Internet. 


e In 2017, the Internal Revenue Service processed 104.9 million 
income tax refunds totaling $290.43 billion. 
Data: Internal Revenue Service 

e There are 3.04 trillion trees on the planet. 
Data: Nature; AmericanGrove.org 


From 1956 to 2016, the United States spent approximately 
$128.9 billion on the interstate highway system. Today, 
the cost to build such a system would be $234 billion. 

Data: Federal Highway Administration 


e Americans spent an estimated $69.4 billion on pets in 2017. 
Data: American Pet Products Association 


NAMING LARGE NUMBERS 


1 hundred = 100 = 10-10 = 10? 
L__sz 2 ZeTOs 
1 thousand = 1000 = 10-10-10 = 10° 
ye 3 zeros 
1 million = 1,000,000 = 10-10-10-10-10-10 = 10° 
“fg 6 zeros 
1 billion = 1,000,000,000 = 10” 
" eg 9 zeros 


1 trillion = 1,000,000,000,000 = 10! 


a 12 zeros 


To convert a large number to standard notation, we proceed as follows. 


EXAMPLE 12 Robocalls. The number of robocalls received in the 
United States in 2017 totaled more than 2.5 billion a month. In June of that 
year, Atlanta’s area code 404 received 50.5 million robocalls, more than any 
other area code. Convert 2.5 billion and 50.5 million to standard notation. 
Data: YouMail 


2.5 billion = 2.5 X 1 billion 
= 2.5 x 1,000,000,000 


9 zeros 
= 2,500,000,000 Moving the decimal point 
9 places to the right 
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Convert the number in each 
sentence to standard notation. 


12. The largest building in the 


world is the Pentagon, which 
has 3.7 million square feet of 


floor space. 


13. Spending on Health Care. 


The United States spent $3.2 
trillion on health care in 2015. 


Data: money.cnn.com, 
December 2, 2016 


Convert from dollars to cents. 


14. $15.69 
$15.69 = 15.69 x $1 
= 15.69 X ¢ 
= ¢g 
15. $0.17 


Convert from cents to dollars. 
16. 35¢ 


17. 577¢ 


Answers 
12. 3,700,000 13. 3,200,000,000,000 


14. 1569¢ 15. 17¢ 16. $0.35 17. $5.77 


Guided Solution: 
14. 100, 1569 
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€ 


We have 


50.5 million = 50.5 < 1 million 
= 50.5 X 1,000,000 
6 zeros 


= 50,500,000. Moving the decimal point 
6 places to the right 


<«@ Do Exercises 12 and 13. 


Money Conversion 


Converting from dollars to cents is like multiplying by 100. To see why, con- 
sider $19.43. 


$19.43 = 19.43 « $1 We think of $19.43 as 19.43 x 1 dollar, 
or 19.43 X $1. 
= 19.43 x 100¢ Substituting 100¢ for $1: $1 = 100¢ 
= 1943¢ Multiplying 
DOLLARS TO CENTS 


To convert from dollars to cents, move the decimal point two places 
to the right and change the $ sign in front to a ¢ sign at the end. 


EXAMPLES Convert from dollars to cents. 
13. $189.64 = 18,964¢ 
14. $0.75 = 75¢ 


«@ Do Exercises 14 and 15. 


Converting from cents to dollars is like multiplying by 0.01. To see why, 
consider 65¢. 


65¢ = 65 X 1¢ We think of 65¢ as 65 X 1 cent, or 65 X 1¢. 
= 65 X $0.01 Substituting $0.01 for 1¢: 1¢ = $0.01 
= $0.65 Multiplying 
CENTS TO DOLLARS 


To convert from cents to dollars, move the decimal point two places to 
the left and change the ¢ sign at the end to a $ sign in front. 


EXAMPLES Convert from cents to dollars. 


15. 395¢ = $3.95 
16. 8503¢ = $85.03 


« Do Exercises 16 and 17. 


FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Choose from the list below the factor that completes each multiplication. 


a) 0.1 b) 0.01 c) 0.001 d) 0.0001 e) 0.00001 f) 0.000001 


RC1. 6.287 x [__] = 0.00006287 RC2. 6.287 x |_|] = 0.0006287 
RC3. 6.287 x |_| = 0.6287 RC4. 6.287 x |_| = 0.06287 
RCS. 6.287 x |__| = 0.000006287 RC6. 6.287 x [_] = 0.006287 


Concept Check Match each expression with an equivalent expression from the list below. 
a) 3800¢ b) 380 =e) 0.038 ~— dd) $3.80 —e) 38,000 ~~ f+): $0.38 


CCl. 0.001 x 38 ___ CC2. 1000 x 38 __ 
CC3. 38¢ ___ CC4. $38 ___ 
CCS. 380¢ —_— (Chel; 10) 2 Sk} —__ 
a = Multiply. 
1. 8.6 2 5.7 3 0.8 4 4 9.4 
x 7 x 0.8 x 8 x 0.6 
5. 6.3 6 9.8 7 8 7 8 1 8.4 
x 0.0 4 x 0.0 8 x 0.0 0 6 x 0.0 7 
9. 10 X 23.76 10. 100 x 3.8798 11. 1000 X 583.686852 
12. 0.34 x 1000 13. 7.8 X 100 14. 0.00238 x 10 
15. 0.1 X 89.23 16. 0.01 X 789.235 17. 0.001 Xx 97.68 
18. 8976.23 x 0.001 19. 78.2 x 0.01 20. 0.0235 x 0.1 
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21. 32.6 22. 9.2 8 23. 0.98 4 


x 16 x 8.6 x 3.3 
25. 374 26. 865 27. 749 

x 2.4 x 1.0 8 x 0.4 3 
29. 0.87 30. 7.25 31. 46.50 

x 64 x 60 x 15 
33. 81.7 34. 3.1.82 35. 10.105 

x 0.6 1 2 x 7.1.5 x 11.324 
37. 1 2.3 38. 7.8 2 39. 3 2.4 

x 1.0 8 x 0.0 2 4 x 2.8 
41. 0.00342 42. 2.0056 43. 0.347 

x 0.8 4 x 3.8 x 2.09 
45. 3.005 46. 16.3 4 47. 1000 X 45.678 


x 0.6 2 3 x 0.000512 


b Convert from dollars to cents. 


49. $28.88 50. $67.43 51. $0.66 
Convert from cents to dollars. 
53. 34¢ 54. 95¢ 55. 3445¢ 
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24. 


28. 


32. 


36. 


40. 


44. 


48. 


8.489 


7.4 


151.2 


4.555 


8.0 9 


0.0075 


2.53.2 


1.067 


0.001 x 45.678 


52. $1.78 


56. 933¢ 
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57. U.S. National Debt. In 2017, the national debt of 
the United States reached $19.973 trillion. With a 
population of 325.7 million, this is about $61,300 per 
person. Convert 19.973 trillion and 325.7 million to 
standard notation. 


Data: USdebtclock.org 


59. Areas of Oceans. The area of the Pacific Ocean is 
60.061 million sq mi. The area of the Atlantic Ocean is 
29.638 million sq mi. Convert 60.061 million and 29.638 
million to standard notation. 


Data: The World Almanac 2017; International Hydrographic Commission 


Atlantic \ 
Ocean ° 


Pacific 
Ocean 


61. Imports of Fruits and Vegetables. In 2015, 44% of 
US. imports of fruits and vegetables, with a total value 
of $10.4 billion, came from Mexico. Convert 10.4 billion 
to standard notation. 


Data: Congressional Research Service; U.S. International Trade 
Commission 


Skill Maintenance oo... ccccccecceececeeeeeee. 


Calculate. 

63. 23°42 [3.6a] 
Divide. [1.5a] 
67.40)3480 


64. 24+ 4% [3.6b] 


68.17) 20,006 


SYTTEM GSTS: ace cncectecacsssstsavesenavnneseesnneecedearnieniseanena 


58. China’s National Debt. In 2017, the national debt 
of China reached $2.032 trillion. China’s population 
is 1.393 billion, so this debt is about $1460 per person. 
Convert 2.032 trillion and 1.393 billion to standard 
notation. 


Data: USdebtclock.org 


60. Confined Feeding Operations. Most of the 41.5 
million chickens sold each year in Indiana are raised 
in confined feeding operations (CFOs). There are 
approximately 1800 CFOs operating in Indiana. 
Convert 41.5 million to standard notation. 


Data: Purdue College of Agriculture, Envision, Spring 2017 


9 be 
a 


(EN aed ee 
- — r><= fa re rr 
: atl 


Ty 


62. Bottled Water. In 2016, 12.8 billion gallons of 
bottled water were sold in the United States, 
making bottled water the most popular beverage 
choice that year. Convert 12.8 billion to standard 
notation. 


Data: Beverage Marketing Corporation 


65. 43 — 2} [3.5b] 66. 45+ 2% [3.5a] 


Round to the nearest hundred. [1.6a] 
69. 10,049 70. 306,287 


Consider the following names for large numbers in addition to those already discussed in this section: 


1 quadrillion = 1,000,000,000,000,000 = 10'; 
1 quintillion = 1,000,000,000,000,000,000 = 10!*; 


1 sextillion = 1,000,000,000,000,000,000,000 = 1071; 
1 septillion = 1,000,000,000,000,000,000,000,000 = 104. 


Find each of the following. Express the answer with a name that is a power of 10. 


71. (1 trillion) - (1 billion) 


73. (1 trillion) - (1 trillion) 


72. (1 million) - (1 billion) 
74. Is a billion millions the same as a million billions? 


Explain. 
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4.4 


OBJECTIVES 


fa] Divide using decimal 
notation. 


Db Solve equations of the type 
a+x = b,whereaandb 
may be in decimal notation. 


@ Simplify expressions using 
the rules for order of 
operations. 


Divide. 
1.9) 5.4 


RAST LES 


3.82)38.54 


Answers 
1.0.6 2.1.5 3. 0.47 
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Division 


(@) DIVISION 


Whole-Number Divisors 


Divide whole numbers. {1.5a| 
Divide. 
1.5 125 


MyLab Math 
VIDEO 


22 3) eos 
Answers: 1. 49 2. 86 


0.8 4<— Quotient 
Divisor +7 ) 5.8 8 < Dividend 


To divide by a whole number, 


a) place the decimal point 


directly above the decimal 56 
point in the dividend, and 28 
b) divide as though dividing 28 


whole numbers. 0 < Remainder 


EXAMPLE 1. Divide: 379.2 = 8. 


47.4 Place the decimal point. 
8)379.2 
a2. 
59 
36 Divide as though dividing whole numbers. 
3 2 
32 
0 


EXAMPLE 2 Divide: 82.08 + 24. 


3.4 2 Place the decimal point. 
24)82.08 


96 Divide as though dividing whole numbers. 


<« Do Exercises 1-3. 


We can think of a whole-number dividend as having a decimal point at 
the end, with as many zeros as we wish after the decimal point. For example, 


12 = 12. = 12.0 


12.00 


12.000, and so on. We can also add zeros after the 


last digit in the decimal portion of a number: 3.6 = 3.60 = 3.600, and so on. 


EXAMPLE 3 Divide: 30 = 8. 


a7 
8)30.00 
2 4. 
60 
56 
40 


EXAMPLE 4 


0.01 
250) 
250 

200 


4.5 0 


8 
0 


0 


2000 


0 


Place the decimal point and divide to find 


how many ones. 


Write an extra zero. 


Divide to find how many tenths. 


Write another zero. 


Divide to find how many hundredths. 


Check: 


Divide: 4.5 + 250. 


Check: 


Do Exercises 4-6. > 


Calculations with Decimal 
Notation Tousea calculator to 
add, subtract, multiply, and divide 
when any of the numbers are in 
decimal notation, we use the 
decimal key, [=], the operation 
keys, [+], [=], [x], and [=], and the 
equals key, |=]. 


EXERCISES: Calculate. 
1. 1.7 + 14.56 + 0.89 
2. 52.34 

— 18.51 
- 489 — 34.26 
. 0.04 x 12.69 
. 49)125.44 
. 1.6 + 25 


Divide. 
4.25)8 5. 4)15 
pcs) 6 215 = 86 
(0). 2 
S6)2.71 5 0 
iets 
4 3 
43 0 
0 
Answers 
4. 0.32 5.3.75 6. 0.025 
Guided Solution: 
6. 0, 5,0 
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Divide. 
(OBS = O25 
0.375 _ 0.375 
25> 025 100 
Desi 
il, 
One 5 NOMoma 
1! we 
5 
i? 
iD 


& 0.83) 4.067 


9. 3.5)44.8 


Answers 
7215 8 49 9. 12.8 


Guided Solution: 
7. 100, 25, 5,5 
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Decimal Notation 


cs 


Divisors That Are Not Whole Numbers 


Consider the division 


0.24)8208 


8.208 
We write the division as 
0.24 


number divisor: 


. Then we multiply by 1 to change to a whole- 


The division 0.24)8.208 is the 


8.208 8.208 


same as 24)820.8. 
100 820.8 


0.24 0.24 


100 24 


The divisor is now a whole number. 


a) move the decimal point 
(multiply by 10, 100, and so 
on) to make the divisor a 
whole number; 


b) move the decimal point in 


of places (multiply the 
same way); and 


4 


c) place the decimal point 
directly above the new 
decimal point in the 
dividend and divide as 
though dividing whole 


numbers. 


the dividend the same number 


To divide when the divisor is not a whole number, 


0.24)8.208 


Move 2 places to the right. 


0.24) 8.208 


Move 2 places to the right. 


3.4.2 
0.2 4) 8.2 0.8< 
72 
100 
_96 
48 
48 
0 


(The new decimal — 
point in the dividend 
is indicated by a caret.) 


EXAMPLE 5 Divide: 5.848 + 8.6. 


8.6)5.848 
\A \A 


0.6 8 
8.6) 5.84 8 
5 16 


688 Note: 


Multiply the divisor by 10. (Move the decimal point 
1 place.) Multiply the same way in the dividend. 
(Move 1 place.) 


Place a decimal point above the new decimal 
point and then divide. 
5.848 5.848 10 58.48 


68 8 
0 


< Do Exercises 7-9. 


8.6 10 86 


EXAMPLE 6 Divide: 12 = 0.64. 


6 4-7 12. Place a decimal point at the end of the 
whole number. 
0.64 712.00 Multiply the divisor by 100. (Move the 
a 2 2 


decimal point 2 places.) Multiply the same 
way in the dividend. (Move 2 places after 
adding extra zeros.) 


eee aes Place a decimal point above the new decimal 


0.64 )12.0 00 0 point and then divide. 


0 10. Divide. 
Do Exercise 10. D> 1.6)25 


Dividing by 10, 100, 1000, and So On 


It is often helpful to be able to divide quickly by a ten, hundred, or thousand 
or by a tenth, hundredth, or thousandth. Each procedure we use is based on 
multiplying by 1. Consider the following example: 


23.789 — 23.789 1000 23,789 
1000 1000 = =1000 — 1,000,000 


= 0.023789. 


We are dividing by a number greater than 1: The result is smaller than 23.789. 


To divide by 10, 100, 1000, and so on, 


a) count the number of zeros in the divisor, and ae 


L 2 zeros 


b) write the quotient by moving the decimal point 
in the dividend that number of places to the left. 


713.49 713.49 
100 ” — 100 


2 places to the left 


= 7.1349 


0.0104 
10° 


—. 0.0.0104, 0.0104 
10 wy 


lzero 1 place to the left e 


EXAMPLE 7 Divide: 


= 0.00104 


Answer 
10. 15.625 
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Dividing by 0.1, 0.01, 0.001, and So On 


Now consider the following example: 


23.789 — 23.789 100 — 2378.9 
0.01 0.01 100 


= 2378.9, 


We are dividing by a number less than 1: The result is /arger than 23.789. 
We use the following procedure. 


To divide by 0.1, 0.01, 0.001, and so on, 


a) count the number of decimal places in the 713.49 
divisor, and 0.001 
ae 3 places 


b) write the quotient by moving the decimal point 
in the dividend that number of places to the right. 


713.49 713.49 
0.001 ’ eae , 0.001 
3 places to the right to change 0.001 to 1 


= 713,490 


23.738 
EXAMPLE 8 Divide: ; 
st 0.001 
Divide. 
0.1278 0.1278 23.738 23.738 
—— aaa 23.738. = 23,738 
0.01 = 100 0.001 ’ oS 0.001 a 
re aga : 67830 3 places 3 places to the right 
* 1000 ~ “iOd. @ Do Exercises 11-14. 
1B) SOLVING EQUATIONS 
Now let’s solve equations of the type a-x = b, where a and b may be in 
decimal notation. Proceeding as before, we divide by a on both sides. 
EXAMPLE 9 Solve: 8:x = 27.2. 
We have 
8-x 27.2 sa : 
co = = Dividing by 8 on both sides 
3.4 
8) 27.2 
24 
= 3.4. ae 
32 
32 
0 
The solution is 3.4. (i) 
Answers 
11. 12.78 12. 0.001278 13. 0.09847 
14. 67.832 
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EXAMPLE 10 Solve: 2.9-¢ = 0.14616. 
We have 


2.9-t 0.14616 


Za 29 


Dividing by 2.9 on both sides 


0.0504 Solve. 
t= 0.0504. 2.9)0.d4s616 
145 )Gs) 15. 100-x = 78.314 


116 100-x _ 78.314 


116 100 


a) x= 07 


The solution is 0.0504. 
Do Exercises 15 and 16. D> 16. 0.25-y = 276.4 


a ORDER OF OPERATIONS: DECIMAL NOTATION 


The same rules for order of operations that we use with whole numbers and 
fraction notation apply when simplifying expressions with decimal notation. 


RULES FOR ORDER OF OPERATIONS 


1. Do all calculations within grouping symbols before operations 
outside. 


2. Evaluate all exponential expressions. 
3. Do all multiplications and divisions in order from left to right. 


4. Do all additions and subtractions in order from left to right. 


EXAMPLE 11 Simplify: 2.56 x 25.6 = 25,600 x 256. 


There are no exponents or parentheses, so we multiply and divide from 
left to right: 


2.56 X 25.6 + 25,600 X 256 = 65.536 + 25,600 X 256 ~— Doing all 


= 0.00256 X 256 multiplications 
and divisions 
= 0.65536. 


in order from 
lefttoright © 


EXAMPLE 12 Simplify: (5 — 0.06) + 2 + 3.42 x 0.1. 


(5 — 0.06) + 2 + 3.42 x 0.1 = 4.94 +2 + 3.42 x 0.1 Carrying out the 
operation inside 
parentheses 


= 2.47 + 0.342 Doing all multiplications 
and divisions in order 
from left to right 


= 2.812 Adding 0 


Answers 
15. 0.78314 16. 1105.6 


Guided Solution: 
15. 100,8 
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Simplify. 

W% 625 = 62.5 x 25 = 6250 rcs{ 
= S< DS = WO) 
= + 6250 


= 0.04 


18. 0.25-(1 + 0.08) — 0.0274 


19. 207 — 3.47 + 
{2.5[20(9.2 — 5.6)] + 5(10 — 5)} 


20. Population Density. The 
table below shows the number 
of residents per square mile 
in five northwestern states. 
Find the average number of 
residents per square mile for 
this group of states. 


RESIDENTS PER 
STATE SQUARE MILE 


Washington 107.9 
Oregon 42.0 
Idaho 20.0 
Montana 7A 
Wyoming 6.0 


DATA: 2015 U.S. Census Bureau 


Answers 
17. 0.04 18. 0.2426 19. 593.44 20. 36.6 


Guided Solution: 
17. 10, 250 
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EXAMPLE 13 Simplify: 102 x {[(3 — 0.24) + 2.4] — (0.21 — 0.092)}. 
10? x {[(3 — 0.24) + 2.4] — (0.21 — 0.092)} 


= 10° X {[2.76 + 2.4] — 0.118} Doing the calculations in the 
innermost parentheses first 


= 10 x {1.15 — 0.118} Again, doing the calculations 
in the innermost grouping 
symbols 

= 10" <x 1032 Subtracting inside the 
grouping symbols 

= 100 X 1.032 Evaluating the exponential 
expression 

= 103.2 


< Do Exercises 17-19. 
EXAMPLE 14 Population Density. The table below shows the number 


of residents per square mile in the six New England states. Find the average 
number of residents per square mile for this group of states. 


NUMBER OF 
RESIDENTS PER 
STATE SQUARE MILE 


Maine 43.1 

New Hampshire 148.6 

‘Vermont 67.9 

Massachusetts 7a 

Rhode Island 1021.5 

Connecticut 741.6 
ee 


DATA: 2015 U.S. Census Bureau 


The average of a set of numbers is the sum of the numbers divided by the 
number of addends. We find the sum of the population densities per square 
mile and divide it by the number of addends, 6: 

43.1 + 148.6 + 67.9 + 871.1 + 1021.5 + 741.6 2893.8 
6 6 
Thus, the average number of residents per square mile for these six states is 
482.3. 
<@ Do Exercise 20. 


= 482.3. 


FOR 
EXTRA @) MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Choose from the list below the divisor that completes each division. 


a) 0.1 b) 0.01 c) 0.001 d) 0.0001 e) 0.00001 f) 0.000001 
RC1. A029 2 4,034,500 RC2. sue 4034.5 

RC3. ae 403,450 RC4. ee 403.45 

RCS. Ae 40,345 RC6. fee = 40,345,000 


Concept Check Name the operation that should be performed first in evaluating each expression. Do not calculate. 


CCl. (2 — 0.04) +44 85 CC2. 0.02 + 2.06 + 0.01 
CC3. 5 x 21+01 - 8 CC4. 18.2 — (4.1 + 6.9) 
CCS. 16-9 +3473 CC6. 4(10 — 5) x 14.2 
a Divide. 
1.2)5.98 24) 08 AVS S12 4.8)25.92 
R12) S976 & 23) 25.07 iSO 76 8 54)4482 
9. 9.144 + 8 10. 4.5 + 9 11. 12.123 + 3 12. 12.4 +4 
13. 0.0 6) 3.3 6 14.0.04) 1.68 15. 0.12) 8.4 16. 0.36) 2.88 
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17. 


21 


25. 


29 


39. 


43. 


47. 
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3.4768 


«3 6) 14.76 


. 4.273 9.06 


. 0.4 7)01222 


, 028) 63 


82) 3854 


23.59 
10 


16.94 
0.1 


42.561 
0.01 


CHAPTER 4 


18. 0.25) 5 


oF. 537 1 1 9,6 


26. 4.8) 0.1104 


30. 1.08) 0.54 


19.15)6 


23. 3.2) 27.2 


27.8) 5 


33. 0.032)007488 


36.34) 0.1462 


83.57 


40. 
10 


100.7604 


44. 
0.1 


98.473 


sai 0.01 


Decimal Notation 


213.4567 
~~ 1000 


426.487 
100 


45 1.0237 
* 0.001 


20. 


24. 


28. 


31. 4.8) 75 


12) 18 


8.5)27.2 


8) 3 


34.0.017) 1.581 


38. 


42. 


46. 


769.3265 
1000 


591.348 
100 


3.4029 
0.001 
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b Solve. 


49. 


52. 


4.2+>x = 39.06 


789.23 = 0.25+q 


fe Simplify. 


55. 


57. 


59. 


61. 


63. 


65. 


67. 


69. 


14 x (82.6 + 67.9) 


0.003 + 3.03 + 0.01 


42 x (10.6 + 0.024) 


4.2 x 5.7 + 0.7 + 3.5 


9.0072 + 0.04 + 0.7 


(8 — 0.04)? + 4+ 87x04 


86.7 + 4.22 x (9.6 — 0.03)? 


4+04+01x5-02 


50. 36-y = 14.76 


53. 1048.8 = 23-t 


56. 


58. 


60. 


62. 


64. 


66. 


68. 


51. 1000-y = 9.0678 


54, 28.2+x = 423 


(26.2 — 14.8) x 12 


9.94 + 4.26 + (6.02 — 4.6) — 0.9 


(18.6 — 4.9) x 13 


123.3 — 4.24 x 1.01 


12 + 0.03 — 12 x 0.037 


(5 — 2.5)? + 100 + 0.1 X 65 


2.48 + (1 — 0.504) + 24.3 — 11 x 2 


6xX0.9+01+4-02 
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71. 5.52 X [(6 — 4.2) + 0.06 + 0.12] 


73. 200 x {[(4 — 0.25) + 2.5] — (4.5 — 4.025)} 


75. Find the average of $1276.59, $1350.49, $1123.78, and 
$1402.58. 


77, Mountain Peaks in Colorado. The elevations of 
four mountain peaks in Colorado are listed in the 
table below. Find the average elevation of these 


peaks. 
MOUNTAIN PEAK | ELEVATION (in feet) 


unt Elbert 14,440 
14,271 
14,115 
12,168 


SKA Maite mane oii iccccccccccccccccccccccecceecessesscvscsecsssevsvssvsssteevsessstesvssvssvitvesssvssvatesssvssvstessvsteveseee. 


Simplify. [2.5b] 


83. Add: 103 + 43. [3.5a] 


Evaluate. [1.9b] 
85. 7° 86. 2° 


MIN GN ct ccc seeds ccd als tcc cc teeta nt da eaten eced na oem mn Sage e eee iets 


Simplify. 
89. 8) 9.0534 — 2.0412 x 0.731 + 1.0432 


In Exercises 91—94, find the missing value. 
91. 439.57 < 0.01 + 1000 x = 4.3957 


93. 0.0329 + 0.001 x 104 + = 3290 
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72, 122 + (12 + 2.4) — [(2 — 1.6) + 08] 
74. 0.03 X {1 x 50.2 — [(8 — 7.5) + 0.05]} 


76. Find the average weight of two wrestlers who weigh 
308 Ib and 296.4 Ib. 


78. Driving Costs. The table below shows the cost 
per mile when specific types of vehicles are driven 
15,000 miles in a year. Find the average cost per mile 
for the listed vehicles. 


COST PER MILE 
TYPE OF VEHICLE (in cents) 


Small sedan 44.9 


Medium sedan 58.5 
Minivan 63.4 
Large sedan 75.5 
SUV 4WD dai 


% 


DATA: AAA 


Find the prime factorization. [2.1d] 
81. 684 82. 2005 


84. Subtract: 105 — 43. [3.5b] 


Solve. [1.7b] 


87. 235 = 5+z 88. ¢+31=72 


90. () 23.042(7 — 4.037 x 1.46 — 0.9322) 


92. 5.2738 + 0.01 x 1000 + [_] = 52.738 


94, 0.0047 x 0.01 + 10* x =47 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. In the number 308.00567, the digit 6 names the tens place. [4.1a] 


2. When writing a word name for decimal notation, we write the word “and” for the decimal point. [4.1a] 


3. To multiply any number by 10, 100, 1000, and so on, count the number of zeros and move the decimal 
point that many places to the right. [4.3a| 


Guided Solutions 


B Fill in each blank with the number that creates a correct statement or solution. 
4. Solve: y + 12.8 = 23.35. [4.2c] 
jy ap Ws = 723.35) 


jy se 123 = = 2335.— Subtracting 12.8 on both sides 
ye = Carrying out the subtraction 
VS 
5. Simplify: 5.6 + 4.3 « (6.5 — 0.25)?, [4.4c] 

5.6 + 4.3 X (6.5 — 0,25)? = 5.6 + 43 x ( i Carrying out the operation inside parentheses 
= 5.6 + 43 Xx Evaluating the exponential expression 
=5.6+ Multiplying 
= Adding 


Mixed Review 


6. Indianapolis 500. Tony Kanaan of Brazil won the 7. Top Movie in Theater Revenue. Avatar, released in 
2013 Indianapolis 500 with a record average speed 2009, is the world’s top-grossing movie with respect to 
of 187.433 mph. The 2017 winner, Takuma Sato of box-office revenue. As of 2017, its box-office revenue 
Japan, won with an average speed of 155.395 mph. had reached $2.784 billion. Convert 2.784 billion to 
The difference in these average speeds is 32.038 mph. standard notation. [4.3b] 


Write a word name for 32.038. [4.1a] 


Data: Indianapolis Motor Speedway 


Data: Box-Office Mojo 


Write fraction notation. [4.1b] Which number is larger? [4.1c] 
8. 4.53 9. 0.287 10. 0.07, 0.13 ii, 5.2, so 


Write decimal notation. [4.1b] 


vi 639 67 2 
IP 70 13. 100 14. 35 500 15. 8 F000 


Round 28.4615 to the nearest: [4.1d] 
16. Thousandth. 17. Hundredth. 18. Tenth. 19. One. 


Mid-Chapter Review: Chapter4 - 249 


Add. [4.2a] 


20. 47.638 21. il So 22. 
tp 2udooa 24nd, 279 
Bo) & 
ar  @ id) & 3 


Subtract. [4.2b] 


24, 32 is 7 25. 5.6 26. 


= db ee) fe = 0.0 © 7 


Multiply. [4.3a] 


28. 4.6 29. i 3.3 30. 


x 0.9) xX 6.0 7 


Divide. [4.4a] 


32. 20.24 = 4 33. 21.76 + 6.8 34, 
36. Convert $20.45 to cents. [4.3b] Bie 
38. Solve: 46.3 + x = 59. [4.2c] 39. 


Simplify. [4.4c] 


40. 6.594 + 0.5318 + 0.01 41. 


Understanding Through Discussion and Writing 


42. A fellow student rounds 236.448 to the nearest one 43. 


and gets 237. Explain the possible error. [4.1d] 


44. Explain why 10 + 0.2 = 100+ 2. [44a] 45. 
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4.5 + 0.728 23. 16 4 0:34 42 19 
34.3 — 18.75 2h ASO = Ohi) 
100 X 81.236 31. 0.1 X 29.37 
76.34 + 0.1 35. 914.036 + 1000 


Convert 147¢ to dollars. [4.3b] 


Solve: 42.84 = 5.1-y. [4.4b] 


Tesh SG) = Ole} = 3 


Explain the error in the following. [4.2b] 
Subtract: 
73.089 — 5.0061 = 2.3028. 


Kayla made these two computational mistakes: 


0.247 + 0.1 = 0.0247; 0.247 + 10 = 2.47. 


In each case, how could you convince her that a 
mistake has been made? [4.4a| 
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STUDYING FORSUCCESS As You Study 


{_] Find a quiet place to study. 


{_) Be disciplined about your use of video games, the Internet, and television. Study first! 


(_] Pace yourself. It is usually better to study for shorter periods several times a week than to 


study in one marathon session each week. 


Converting from Fraction Notation 


to Decimal Notation 


ce FRACTION NOTATION TO DECIMAL NOTATION 


When a denominator has no prime factors other than 2’s and 5’s, we can find 
decimal notation by multiplying by 1. We multiply to get a denominator that 
is a power of ten, like 10, 100, or 1000. 


EXAMPLE 1. Find decimal notation for 2. 


28 Sa ® a Ge 5+2 = 10,so we use $ for 1 
5 52 10 ~~ to get a denominator of 10. OQ 


EXAMPLE 2 Find decimal notation for x 


87 _ 87 4 _ 348 
25 25 4 100 


25-4 = 100, so we use } for 1 to 
get a denominator of 100. a) 


3.48 


EXAMPLE 3 Find decimal notation for i. 
9 9 25 225 


; 40 +25 = 1000, so we use 53 for 1 
40 40 25 1000 


to get a denominator of 1000. 


= 0.225 
Do Exercises 1-3. D 
We can always divide to find decimal notation. 


EXAMPLE 4 Find decimal notation for 2. 


5 0.6 
[-=34+5 5)3.0 3_ 
5 3.0 5 = 0.6 
0 @ 


EXAMPLE 5 Find decimal notation for {. 


0.875 
8)7.0 00 
64 

60 

5 6 
40 
40 
0 


7 
=) = 8 


> = 0.875 
8 8 


Do Exercises 4 and 5. D> 


SECTION 4.5 


4.5 


OBJECTIVES 


a Convert from fraction notation 
to decimal notation. 


b Round numbers named by 
repeating decimals in problem 
solving. 


fe) Calculate using fraction 
notation and decimal notation 
together. 


Find decimal notation. Use 
multiplying by 1. 

4 
“5 


1 


Find decimal notation. 


4. 5. 


MN 
Co] Ww 


Answers 


1.0.8 2.0.45 3.0.275 4. 0.4 
5. 0.375 


Guided Solution: 
2. 5, 45, 0.45 
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In Examples 4 and 5, the division terminated, meaning that eventually we 
got a remainder of 0. A terminating decimal occurs when the denominator of 
a fraction has only 2’s or 5’s, or both, as factors, as in 3, or a This assumes 
that the fraction notation has been simplified. 

Consider a different situation: 2, or 5/(2+3). Since 6 has a 3 as a factor, 
the division will not terminate. Although we can still use division to get deci- 
mal notation, the answer will be a repeating decimal, as follows. 


EXAMPLE 6 Find decimal notation for 3. 


Find decimal notation. 0.833 
6)5.0 00 


5 
1 res| Pea 48 
1G 20 


Cis 
i 20 
@. i 6 1 8 
\eOmOn0 7) 
-— 0 Since 2 keeps reappearing as a remainder, the digits repeat and will continue 
to do so; therefore, 
3 6 
7 > = 0.83333,... 
36 6 
The red dots indicate an endless sequence of digits in the quotient. When 
= there is a repeating pattern, the dots are often replaced by a bar to indicate 
6 ~ 01666... = 0.16 the repeating part—in this case, only the 3: 
> = 088. 
ie 
3 < Do Exercises 6 and 7. 
EXAMPLE 7 Find decimal notation for ;. 
4 0.3636 
Wn 747h 11)4.0000 
a3 
70 
Cs6 
40 
G3 
70 
ca 
4 
Since 7 and 4 keep repeating as remainders, the sequence of digits “36” 
repeats in the quotient, and 
Find decimal notation. al = 0.363636..., or 0.36. 
5 2 n 
8. — 9. — 
11 11 < Do Exercises 8 and 9. 
Answers 
6.0.16 7.0.6 8 0.45 9 1.09 
Guided Solution: 
6. 1, 6, 6, 4, 4 
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EXAMPLE 8 Find decimal notation for 3. 


0.714285 
7)5.000000 
49 

10 

4 

30 

28 
20 
14 


6 0 Since 5 appears again as a remainder, the 
56 sequence of digits “714285” repeats in the 
40 quotient, and 


- > = 0.714285714285..... or 0.714285. 


The length of a repeating part can be very long—too long to find on a 
calculator. An example is os which has a repeating part of 96 digits. 


Do Exercise 10. > 


Db ROUNDING IN PROBLEM SOLVING 


Round decimal notation. [4.1d| 
Round 738.1405 to the nearest: 
1. Thousandth Zee 


Answers: 1. 738.141 2. 738.1 
MyLab Math 
VIDEO 


In applied problems, repeating decimals are rounded to get approximate 
answers. To round a repeating decimal, we can extend the decimal notation 
at least one place past the rounding digit, and then round as usual. 


EXAMPLES Round each of the following to the nearest tenth, hundredth, 
and thousandth. 


Nearest Nearest Nearest 
tenth hundredth thousandth 
9. 0.83 = 0.83333... 0.8 0.83 0.833 
10. 0.09 = 0.090909. .. 0.1 0.09 0.091 
11. 0.714285 = 0.714285714285... 0.7 0.71 0.714 


Do Exercises 11-13. D> 


Converting Ratios to Decimal Notation 
When solving applied problems, we often convert ratios to decimal notation. 


EXAMPLE 12 Gas Mileage. A car travels 457 mi on 16.4 gal of gaso- 
line. The ratio of number of miles driven to amount of gasoline used is the 
gas mileage. Find the gas mileage and convert the ratio to decimal notation 
rounded to the nearest tenth. 


10. Find decimal notation for > 


Round each to the nearest tenth, 
hundredth, and thousandth. 


11. 0.6 
12. 0.80 


13. 6.245 


Answers 


10. 0.428571 11. 0.7; 0.67; 0.667 
12. 0.8; 0.81; 0.808 13. 6.2; 6.25; 6.245 
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14, 


15. 


16. 


Coin Tossing. A coin is 
tossed 51 times. It lands heads 
26 times. Find the ratio of 
heads to tosses and convert it 
to decimal notation rounded 
to the nearest thousandth. 
(This is also the experimental 
probability of getting heads.) 


Gas Mileage. A car travels 
380 mi on 15.7 gal of gasoline. 
Find the gasoline mileage and 
convert the ratio to decimal 
notation rounded to the nearest 


tenth. 


Port Volume. Refer to the 
data in Example 14 for the 
volume of cargo that moved 
through U.S. ports. Find the 
average volume for the top 
three ports and then for the 
fourth through sixth ports. 
Round the answers to the 
nearest tenth. 


Answers 


14. 0.510 15. 24.2 mpg 
16. 209.3 million tons; 85.7 million tons 
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Decimal Notation 


We have 
Miles driven 457 


Gasoline used 16.4 


u 


27.86 Dividing to 2 decimal places 


= 27.9 Rounding to 1 decimal place 


The gas mileage is about 27.9 miles per gallon (mpg). e 


EXAMPLE 13 Space Travel. The space shuttle Columbia traveled about 
121,700,000 mi in 28 flights. Find the ratio of number of miles traveled to num- 
ber of flights and convert it to decimal notation. Round to the nearest tenth. 
Data: NASA 


We have 
Miles traveled —— 121,700,000 
Number of flights 28 
= 4,346,428.57 
= 4,346,428.6. 


The shuttle traveled about 4,346,428.6 mi per flight. 
< Do Exercises 14 and 15. 


Averages 


EXAMPLE 14 _ Busiest U.S. Ports. Seaports are vital to a nation’s 
economy. Seaports connect manufacturers, consumers, and farmers 
to the world marketplace. There are over 250 inland and coastal ports 
in the United States. Port cargo activity creates jobs for more than 
23 million people in the United States. Find the average volume of 
cargo for the top six ports, listed in the table below. Round the answer 
to the nearest hundredth. 

Data: U.S. Army Corps of Engineers; American Association of Port Authorities 
(AAPA); worldatlas.com; brookings.edu 


PORT (in millions of tons) 
1. South Louisiana 267.4 
2. Houston, Texas 234.3 
3. New York (New York and New Jersey) 126.2 
4, Beaumont, Texas 87.3 
5. Long Beach, California 85.0 
6. Corpus Christi, Texas 84.9 


DATA: U.S. Army Corps of Engineers (2014); American Association of Port Authorities 


We add the volumes and divide by the number of addends, 6. The aver- 
age, in millions of tons, is 
267.4 + 234.3 + 126.2 + 87.3 + 85.0 + 84.9 — 885.1 
6 6 
147.516 
= 147.52. 


The average volume of cargo for the six busiest U.S. ports is about 
147.52 million tons. 


<@ Do Exercise 16. 


CALCULATIONS WITH FRACTION NOTATION 
AND DECIMAL NOTATION TOGETHER 


In certain kinds of calculations, fraction notation and decimal notation occur 
together. In such cases, there are at least three ways in which we might 
proceed. 


EXAMPLE 15 Calculate: 2 xX 0.56. 


Method 1: One way to do this calculation is to convert the fraction nota- 
tion to decimal notation so that both numbers are in decimal notation. 


: X 0.56 = 0.6 X 0.56 = 0.336 


Method 2: A second way to do this calculation is to convert the decimal 
notation to fraction notation so that both numbers are in fraction notation. 
The answer can be left in fraction notation and simplified, or we can convert 
to decimal notation and round, if appropriate. 


es) 3 56 322929227 
= X 0.56 = =: = 
5 5 100 5:2:2°5:5 
BB SOT _ 4 BT 
2°2 5°5°5 5°5°5 
32207 42 
== 5-5 125” or 0.336 


0.56 
Method 3: A third way to do this calculation is to treat 0.56 as a Then 
we multiply 0.56 by 3 and divide the result by 5. 
3 3 056 3X 056 _ 1.68 


~xXO056 = 2x 
) oe 5 1 5 5 


= 0.336 


Do Exercise 17. D> 


EXAMPLE 16 Calculate: } x 0.576 + 3.287 + 3. 


We use the rules for order of operations, doing first the multiplication 
and then the division. Then we add. Since 3 would convert to a repeating 
decimal that would need to be rounded, method 1 would give an approxima- 
tion. Here we use method 3. 


2 4 2. 0576 3.287 5 
> xX 0. ab Ds : = a x 
3 0.576 + 3.287 573 7 I mn 


2X 0576 3.287 X 5 


+ 
3 4 
= 0.384 + 4.10875 
= 4.49275 


Do Exercises 18 and 19. > 


pcs) 17. Calculate: x 0.62. 


Method 1: 


* x 0.62 =0. 5 X 0.62 


= 0.465 
Method 2: 
3) 3 
=< Os = = 
4 4 
it 
= 4 
400° or 0.465 
Method 3: 
3 62 
=X Oo? = = x 
4 4 
1.8 
= A or 0.465 
Calculate. 
1 5 
18. 3 X 0.384 + 5 x 0.6784 
5 8 
19. — X 0.864 + 14.3 + = 
6 5 
Answers 
17. 0.465 18. 0.552 19. 9.6575 
Guided Solution: 
17. 7,100, 8, 1,6 
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v Check Your Understanding 


Reading Check Determine whether the decimal notation for each fraction is terminating or 


repeating. 


4 
RC1. — 
9 


RCs 


RCS. oe 


FOR 


EXTRA 
HELP 


RC2. 


RC4. 


RC6. 


@ MyLab Math 


3 


32 


ai 
12 


80 


125 


Concept Check Choose from the list on the right the form of 1 that completes each multiplication. 


1 
CCl 
5) 


io == 
<e 40 


CC3. nl 


13 


2) 


27 


air 


Sa 
10 
675 
= aa Ue 
55 
mi) ..= 


CC4. 


2500 


52 
[| 70,000 0.0052 


a Find decimal notation. 


23 
1. 100 


MR 


39 
13. — 
40 


19. 
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oe 3,2 

100 = 
8. eo 
14. ~ 15. . 
20. : 21. = 


Decimal Notation 


a) 


b) 


c) 


d) 


5, 
25 


Alina NIN Bp] ER 


10. 


16. 


22. 


19 


37 
25 


11. 


17. 


23. 


: 
40 : 
3 

e 12. 
8 

2502 ‘i 
125 ; 
= 24 
16 " 


o|nN 


181 
200 


Colm 
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31. 


A 26. = 27. = 
15 9 
6 “41 74 


37.-47. 


Round each to the nearest tenth, hundredth, and thousandth. 
49. 


53. 


55. 


Odds. Round each answer for odd-numbered 
Exercises 25-35 to the nearest tenth, hundredth, and 
thousandth. 


0.18 50. 0.83 


For this set of people, what is the ratio, in decimal 
notation rounded to the nearest thousandth, where 
appropriate, of: 

a) women to the total number of people? 

b) women to men? 

c) men to the total number of people? 

d) men to women? 


28. — 29. . 30. . 
ls 3 9 
34, 7 35. ” 36 = 
“11 * 12 * 12 
38.-48. Evens. Round each answer for even-numbered 
Exercises 26-36 to the nearest tenth, hundredth, and 
thousandth. 
51. 0.27 52. 3.54 
54. For this set of pennies and quarters, what is the ratio, 


in decimal notation rounded to the nearest thousandth, 
where appropriate, of: 


a) pennies to quarters? 
b) quarters to pennies? 
c) pennies to total number of coins? 
d) total number of coins to pennies? 


Batting Average. During the 2016 season, Giancario 
Stanton, a rightfielder for the Miami Marlins, had 99 
hits in 413 at bats. Find the ratio of number of hits 

to number of at bats. This is a batting average. Give 
Stanton’s batting average in decimal notation rounded 
to the nearest thousandth. 


Data: Major League Baseball 


SECTION 4.5 


56. 


Converting from Fraction Notation to Decimal Notation 


Batting Average. During the 2016 season, Mike 
Trout, a centerfielder for the Los Angeles Angels of 
Anaheim, had 173 hits in 549 at bats. Find the ratio of 
number of hits to number of at bats. This is a batting 
average. Give Trout’s batting average in decimal nota- 
tion rounded to the nearest thousandth. 


Data: Major League Baseball 
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Gas Mileage. 
57. 


285 mi; 18 gal 58. 396 mi; 17 gal 


Use the following tables for Exercises 61-64. 


U.S. IMPORTS 


U.S. EXPORTS 


FROM CANADA TO CANADA 
(in billions (in billions 
of dollars) of dollars) 
2011 315.325 281.292 
2012 324.263 292.651 
2013 332.504 300.754 
2014 349.287 312.817 
2015 296.231 280.855 
2016 277.756 266.797 


DATA: U.S. Department of Commerce; U.S. Census Bureau 


61. 


63. 


65. 
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Imports from Canada. Find the average amount, in 
billions of dollars per year, of imports from Canada to 
the United States for the period 2011-2016. Round to 
the nearest thousandth. 


Exports to Mexico. Find the average amount, in bil- 
lions of dollars per year, of exports to Mexico from the 
United States for the period 2011-2016. Round to the 
nearest thousandth. 


Windy Cities. Although nicknamed the Windy City, 
Chicago is not the windiest city in the United States. 
Listed in the table below are the five windiest cities 
and their average wind speeds, as well as that on 

Mt. Washington (the windiest location in the United 
States). Find the average of these wind speeds; round 
your answer to the nearest tenth. 


AVERAGE WIND SPEED 
CITY (in miles per hour) 
Mt. Washington, NH 35.3 
Boston, MA 12.5 
Honolulu, HI 11.3 
Dallas, TX 10.7 
Kansas City, MO 10.7 
Chicago, IL 10.4 


DATA: The Handy Geography Answer Book 


CHAPTER4 Decimal Notation 


In each of Exercises 57-60, find the gas mileage rounded to the nearest tenth. 
59. 324.8 mi; 18.2 gal 


60. 264.8 mi; 12.7 gal 


U.S. IMPORTS U.S. EXPORTS 
FROM MEXICO TO MEXICO 
(in billions (in billions 
of dollars) of dollars) 
2011 262.874 198.289 
2012 277.594 215.875 
2013 280.556 225.954 
2014 295.730 241.007 
2015 296.401 236.204 
2016 294.056 229.702 


DATA: U.S. Department of Commerce; U.S. Census Bureau 


62. 


64. 


66. 


Exports to Canada. Find the average amount, in 
billions of dollars per year, of exports to Canada from 
the United States for the period 2011-2016. Round to 
the nearest thousandth. 


Imports from Mexico. Find the average amount, in 
billions of dollars per year, of imports from Mexico to 
the United States for the period 2011-2016. Round to 
the nearest thousandth. 


Areas of the New England States. The table below 
lists the areas of the New England states. Find the 
average area of this group of states; round your answer 
to the nearest tenth 


| sum | cavemen 

STATE (in square miles) 
Maine 33,265 
New Hampshire 9,279 
Vermont 9,614 
Massachusetts 8,284 
Connecticut 5,018 
Rhode Island 1,211 


DATA: The New York Times Almanac 
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ie) Calculate. 


67. Z x 12.64 68. ad x 384.8 69. x2 + 5.65 70. 4* + 3.25 
8 5 4 5) 
47 7 1 1 
a: PN * 7 . ee UE SOS OL 
71 9 79.95 72 li x 2.7873 73 5 0.5 74 38 2.75 
75 4.875 — 24 76 55> — 12.22 77 > 0.0765 + > x 0.1124 
. 4. 16 » 39% ; °& i mi , 
3 3 4 8 2 5 
78. =X 4.1 ——x 156. 79. = X 384.8 + 24.8 + — . Atos X= 
8 5 638 8 56.56 9 5 38 8 3 80. 102.4 5 12 6 


7 3 > 3 1 
1. — X 0.86 — 0.76 K — 2. 17.95 +—+— xX 16. Hao x OF 
8 8 0.86 76 4 82. 17.95 eo 4 16.2 83. 3.375 33 
84. 2.5 X 3° 85. 6.84 + = 86 gi = 2.125 
ede 3 6 OBE 2 » 8 = 2. 


SKULL Maimtemane oii iicccccecccccccccccccceccsececesevecsevstvevsecsevecavsevsevssvassevsevssvatavsevssvateavisvssveststsvssesevasteeees 


Calculate. 

87. 9-23 [3.6a] 88. 1675 — 142 [3.5b] 89. 84 + 82 [3.6b] 90. 142+ 16;5 [3.5a] 

Solve. [3.5c] 

91. A recipe for bread calls for 5 cup of water, A cup 92. A board ia in. thick is glued to a board 3 in. thick. The 
of milk, and t cup of oil. How many cups of liquid glue is i in. thick. How thick is the result? 


ingredients does the recipe call for? 


SOMES ise estes ac siahata ae tone ttc becstec ec sven flav opr ea alan shae nd harp ttatedGtagstatan 
= 1234 5 11 1 

93. Fl Find decimal notation for Pop and 7 Observe 94. Find decimal notation for 9° 99° and 999° Observe the 
the pattern and guess the decimal notation for 7 pattern and guess the decimal notation for 9999" 
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4.6 


OBJECTIVE 


a Estimate sums, differences, 
products, and quotients. 


Estimate sums, differences, 
products, and quotients by 
rounding. [1.6b] 


Estimate by first rounding to the 
nearest ten. 


1 467 2. 5 4 
ae RO x 2Y 


Answers: 1. 190 2. 1500 
VIDEO 


1. Estimate by rounding to the 
nearest ten the total cost of 
one ladder and one bar stool. 
Which of the following is an 
appropriate estimate? 


a) $600 b) $570 
ce) $590 d) $57 


2. About how much more does 
the ladder cost than the elec- 
tric toothbrush? Estimate by 
rounding to the nearest ten. 
Which of the following is an 
appropriate estimate? 


a) $100 b) $140 
c) $14 d) $150 
Answers 
1. (c) 2 (d) 
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Estimating 


fal ESTIMATING SUMS, DIFFERENCES, 
PRODUCTS, AND QUOTIENTS 


Estimating has many uses. It can be done before we even attempt a problem 
in order to get an idea of the answer. It can be done afterward as a check, 
even when we are using a calculator. In many situations, an estimate is all we 
need. We usually estimate by rounding the numbers so that there are one or 
two nonzero digits, depending on how accurate we want our estimate to be. 
Consider the following prices for Examples 1-3. 


EXAMPLE 1 Estimate by rounding to the nearest ten the total cost of one 
ladder and one electric toothbrush. 


We are estimating the sum 
$319.95 + $174.99 = total cost. 

The estimate, found by rounding the addends to the nearest ten, is 

$320 + $170 = $490. 


< Do Exercise 1. 


(Estimated total cost) 


EXAMPLE 2 About how much more does the ladder cost than the bar 
stool? Estimate by rounding to the nearest ten. 


We are estimating the difference 
$319.95 — $269.88 = price difference. 


The estimate, found by rounding the minuend and the subtrahend to the nearest 
ten, is 


$320 — $270 = $50. 


< Do Exercise 2. 


(Estimated price difference) 


EXAMPLE 3 Estimate the total cost of four bar stools. 
We are estimating the product 


4 X $269.88 = total cost. 
The estimate can be found by rounding 269.88 to the nearest ten: 
4 x $270 = $1080. 


Do Exercise 3. D 


EXAMPLE 4 A student government group is planning an event for incom- 
ing freshmen. Since the local weather is often rainy, the group decides to pur- 
chase umbrellas bearing the university logo for door prizes. The umbrellas cost 
$39.99 each. About how many umbrellas can be purchased for $356? 


We are estimating the quotient 


$356 + $39.99. 


Since we want a whole-number estimate, we need to round appropriately. 
Rounding $39.99 to the nearest one, we get $40. Since $356 is close to $360, 
which is a multiple of $40, we estimate 


$360 + $40 = 9. 
The answer is about 9 umbrellas. 
Do Exercise 4. > 


EXAMPLE 5 Estimate: 4.8 < 52. Do not find the actual product. Which of 
the following is an appropriate estimate? 


a) 25 b) 250 ce) 2500 d) 360 
We round 4.8 to the nearest one and 52 to the nearest ten: 
5 X 50 = 250. (Estimated product) 


Thus, an approximate estimate is (b). @ 


Other estimates that we might have used in Example 5 are 
5 X 52 = 260 or 4.8 X 50 = 240. 


The estimate used in Example 5,5 X 50 = 250, is the easiest to do because 
the factors have the fewest nonzero digits. 


Do Exercises 5-10. > 


EXAMPLE 6 Estimate: 82.08 + 24. Which of the following is an appropri- 
ate estimate? 


a) 400 b) 16 c) 40 d) 4 


This is about 80 + 20, so the answer is about 4. Thus, an appropriate 
estimate is (d). 


. Estimate the total cost of six 


electric toothbrushes. Which of 
the following is an appropriate 
estimate? 
a) $875 

c) $1620 


b) $1020 
d) $10,200 


. Refer to the umbrella price in 


Example 4. About how many 
umbrellas can be purchased 
for $675? 


Estimate each product. Do not find 
the actual product. Which of the 
choices is an appropriate estimate? 


5. 24X8 
a) 16 b) 34 
c) 125 d) 5 
6. 24 X 0.6 
a) 200 b) 5 
c) 110 d) 20 
7. 0.86 X 0.432 
a) 0.04 b) 0.4 
ce) 1.1 d) 4 
8. 0.82 X 0.1 
a) 800 b) 8 
c) 0.08 d) 80 
9, 0.12 X 18.248 
a) 180 b) 1.8 
c) 0.018 d) 18 
10. 24.234 x 5.2 
a) 200 b) 120 
c) 12.5 d) 234 
Answers 


3. (b) 4. 17 umbrellas 5. (a) 6. (d) 
7. (b) 8. (c) 9 (b) 10. (b) 
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Estimate each quotient. Which 
of the choices is an appropriate 
estimate? 


11. 59.78 + 29.1 


a) 200 b) 20 

c) 2 d) 0.2 
12. 82.08 + 2.4 

a) 40 b) 4.0 

c) 400 d) 0.4 
13. 0.1768 + 0.08 

a) 8 b) 10 

c) 2 d) 20 


14. Estimate: 0.0069 + 0.15. 


Which of the following is an 


appropriate estimate? 


a) 0.5 b) 50 
c) 0.05 d) 0.004 
Answers 


11. (c) 12. (a) 13. (c) 14. (c) 


EXAMPLE 7 Estimate: 94.18 + 3.2. Which of the following is an appro- 
priate estimate? 


a) 30 b) 300 c) 3 d) 60 
This is about 90 + 3, so the answer is about 30. Thus, an appropriate 
estimate is (a). 


EXAMPLE 8 Estimate: 0.0156 + 1.3. Which of the following is an appro- 
priate estimate? 


a) 0.2 b) 0.002 c) 0.02 d) 20 


This is about 0.02 + 1, so the answer is about 0.02. Thus, an appropriate 
estimate is (c). 
< Do Exercises 11-13. 

In some cases, it is easier to estimate a quotient directly rather than by 
rounding the divisor and the dividend. 


EXAMPLE 9 Estimate: 0.0074 + 0.23. Which of the following is an 
appropriate estimate? 


a) 0.3 b) 0.03 c) 300 d) 3 
We estimate 3 for a quotient. We check by multiplying. 
0.23 x 3 = 0.69 
We make the estimate smaller. We estimate 0.3 and check by multiplying. 
0.23 X 0.3 = 0.069 
We make the estimate smaller. We estimate 0.03 and check by multiplying. 
0.23 x 0.03 = 0.0069 


This is about 0.0074, so the quotient is about 0.03. Thus, an appropriate 
estimate is (b). 
< Do Exercise 14. 


FOR 
EXTRA @ MyLab Math 
HELP 


Y Check Your Understanding 


Reading and Concept Check Match each calculation with the most appropriate estimate from the list below. 


a) 0.8 b) 0.08 
RC1. 0.1003 xX 0.8 __ 


RC3. 0.00152 x 4025 ___ 
RCS. 9.054 — 8.3111 __ 
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d) 80 e) 800 f) 8000 


RC2. 38.41 + 41.777 __ 
RC4, 1632 + 1.9 
RC6. 162,105 x 0.0496 ___ 
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For Exercises 1-6, use the prices shown below to estimate, by rounding to the nearest ten, each sum, difference, product, 
or quotient. 


1. About how much more does the stove cost than the 2. About how much more does the luggage set cost than 


luggage set? 


a) $300 b) $200 c) $210 d) $690 


3. Estimate the total cost of six riding toys. 
a) $960 b) $980 c) $900 


5. About how many luggage sets can be purchased for 
$2400? 


a) 120 b) 100 c) 10 d) 12 


d) $1440 


the riding toy? 
a) $400 b) $80 c) $40 d) $70 


. Estimate the total cost of four stoves. 


a) $1760 b) $1800 c) $1600 d) $1080 


. About how many riding toys can be purchased for 


$3200? 
a) 16 b) 20 c) 2 d) 200 


Estimate by rounding as directed. 


7. 0.02 + 1.31 + 0.34; 8. 0.88 + 2.07 + 1.54; 9. 6.03 + 0.007 + 0.214; 
nearest tenth nearest one nearest one 

10. 1.11 + 8.888 + 99.94; 11. 52.367 + 1.307 + 7.324; 12. 12.9882 + 1.2115; 
nearest one nearest one nearest tenth 

13. 2.678 — 0.445; 14, 12.9882 — 1.0115; 15. 198.67432 — 24.5007; 
nearest tenth nearest one nearest ten 

Estimate. Indicate which of the choices is an appropriate estimate. 

16. 234.12321 — 200.3223 17. 49 X 7.89 18. 7.4 X 8.9 
a) 600 b) 60 a) 400 b) 40 a) 95 b) 63 
c) 300 d) 30 c) 4 d) 0.4 ce) 124 d) 6 
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19. 98.4 x 0.083 20. 78 x 5.3 
a) 80 b) 12 a) 400 
c) 8 d) 0.8 c) 40 
22. 0.0713 + 1.94 23. 74.68 + 24.7 
a) 3.5 b) 0.35 a) 9 
c) 0.035 d) 35 c) 12 


25. Fence Posts. A zoo plans to construct a fence 
around a proposed exhibit featuring animals of 
the Great Plains. The perimeter of the area to be 
fenced is 1760 ft. Estimate the number of wooden 
fence posts needed if the posts are placed 8.625 ft 
apart. 


27. After-School Supplies. Elijah wants to buy 35 boxes 
of crayons at $1.89 per box for the after-school 
program that he runs. Estimate the total cost of the 
crayons. 


SKiLL Maintemamce iii iiccccececccceccecccececceseceveesecseecveceevesvssesesevssvssasssvssvatvssssvssvetvstvsvestssvitvsvesveseseees 


Simplify. [1.9c] 
29. 24+ 4-2 


Solve. [1.7b] 


32. p + 14 = 83 33. SO = 5:t 


SIU EIN S NS sissies cla jen stesso stlrvas tariemiaccteedepetecdes 


30. 3-60 — (12 + 3) 


21. 3.6 + 4 
b) 800 a) 10 b) 1 
d) 8 c) 0.1 d) 0.01 
24, 914 + 0.921 
b) 3 a) 10 b) 100 
d) 120 c) 1000 d) 1 


26. McDonald’s Stock. Recently, McDonald’s stock sold 
for $158.81 per share. Estimate how many shares could 
be purchased for $4800. 


28. Batteries. Charlotte buys 6 packages of AAA batter- 
ies at $8.79 per package. Estimate the total cost of the 
purchase. 


31. 200 + 40 + 4 


34. 270 + y = 800 


The following were done on a calculator. Estimate to determine whether the decimal point was placed correctly. 


35. 19.7236 — 1.4738 x 4.1097 = 1.366672414 


36. 28.46901 + 4.9187 — 2.5081 = 3.279813473 


37. Use one of +, —, X, and + in each blank to make a true sentence. 


a) (0.37 [] 18.78) [-] 2!3 = 156,876.8 


264 = CHAPTER4 Decimal Notation 


b) 2.56 | | 6.4 |] 51.2 |] 17.4 = 312.84 
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Applications and Problem Solving 


a SOLVING APPLIED PROBLEMS 


Solving applied problems with decimals is like solving applied problems with 
whole numbers. First we translate to an equation that corresponds to the 
situation. Then we solve the equation. 


EXAMPLE 1 Window Code. To meet building codes, the area of the 
opening when the lower part of a double-sash window is raised must be 
5 ft? (720 in’) for first-floor windows and 5.7 ft? (820.8 in?) for second-floor 
windows. A contractor orders windows that have an opening measuring 
27.063 in. X 28.563 in. Find the area of the opening and determine if the 
windows meet the first-floor code. 

Data: Matt Beecher Builders; Paul’s Glass 


1. Familiarize. We first make a drawing. 


27.063 in. 


28.563 in. 


2. Translate. We use the formula A = /- w and substitute. 
A =1+w = 27.063 X 28.563 
3. Solve. We solve by carrying out the multiplication. 
28.563 
x 27.0 6 3 
85689 
1713780 
199941000 
571260000 
773000469 
Thus, A = 773.000469 in”. 
4. Check. We obtain a partial check by estimating the product: 


A = 27.063 X 28.563 ~ 25 X 30 = 750. 


The estimate is close to 773, so the answer is probably correct. 


5. State. The area of the opening is about 773 in’. Since 773 > 720, the 
windows meet the first-floor code. 


Do Exercise 1. > 


SECTION 4.7 


4.7 


OBJECTIVE 


fa) Solve applied problems 
involving decimals. 


Solve equations like 
t+ 28 = 54and 28-x = 168. 
[1.7b] 


Solve. 
1.16+q=41 
2. 45-x = 405 


Answers: 1. 25 2. 9 


MyLab Math 
VIDEO 


1. Window Code. Refer to 
Example 1. A contractor orders 
windows that have an open- 
ing measuring 26.535 in. x 
29.265 in. Find the area of the 
opening and determine if the 
windows meet code for the 
second floor. Round to the 
nearest tenth. 


Answer 


1. 776.5 in’; the windows do not meet the 
second-floor code. 
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2. 


Credit-Card Transactions. 
There were a total of 30.7 bil- 
lion U.S. credit-card transac- 
tions in 2012. The number of 
transactions in 2015 was 33.8 
billion. How many more credit- 
card transactions were there in 
2015 than in 2012? 


Data: Federal Reserve; 
creditcardforum.com 


Answer 
2. 3.1 billion transactions 
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EXAMPLE 2 Canals. The Panama Canal in Panama is 50.7 mi long. The 
Suez Canal in Egypt is 119.9 mi long. How much longer is the Suez Canal? 


1. Familiarize. We let / = the distance in miles by which the length of the 
longer canal differs from the length of the shorter canal. 


2. Translate. We translate as follows, using the given information: 


Length of Length of 
Panama Canal, Suez Canal, 
the shorter Additional the longer 

canal plus length is canal 
50.7 mi + l = 119.9 mi. 


3. Solve. We solve the equation by subtracting 50.7 mi on both sides: 


50.7 + 1 = 119.9 
50.7 + 1 — 50.7 = 119.9 — 50.7 


1 = 69.2. 
4. Check. We can check by adding. 
5 0.7 
+ 69.2 
119.9 


The answer checks. 
5. State. The Suez Canal is 69.2 mi longer than the Panama Canal. 


<@ Do Exercise 2. 
EXAMPLE 3 Chromebook Purchase. A school system spent $25,293.96 


for 102 Chromebooks for its seventh and eighth graders. How much did each 
Chromebook cost? 


1. Familiarize. We let c = the cost of each Chromebook. 
2. Translate. We translate as follows: 


Number of Cost of 
Chromebooks each Total cost 
purchased times Chromebook is __ of purchase 
102 ; c = $25,293.96. 


3. Solve. We solve the equation by dividing by 102 on both sides. 


102+c _ 25,293.96 247.98 
102 102 102)25,293.96 
__ 25,293.96 204 
oe 402 489 
408 
813 
714 
999 
918 
816 
816 
0 


4. Check. We check by estimating: 
25,293.96 + 102 ~ 25,000 + 100 = 250. 


Since 250 is close to 247.98, the answer is probably correct. 
5. State. The cost of each Chromebook was $247.98. 


Do Exercise 3. D> 3. One pound of lean boneless 
ham contains 4.5 servings. It 
EXAMPLE 4 JRS Driving Allowance. The Internal Revenue Service costs $7.99 per pound. What is 


the cost per serving? Round to 


allowed a tax deduction of 53.5¢ per mile driven for business purposes in 
the nearest cent. 


2017. What deduction, in dollars, was allowed for driving 8607 mi during the 
year? 
Data: Internal Revenue Service 


1. Familiarize. We first make a drawing or at least visualize the situation. 
Repeated addition fits this situation. We let d = the deduction, in dol- 
lars, allowed for driving 8607 mi. 


aii 


es. | 53.5¢ | 53.5¢ | 53.50 


SS) SAS 
Imi | -_ joensen 


1 mi 1mi 1 mi 1 mi 1 mi 
8607 mi 
2. Translate. We translate as follows, writing 53.5¢ as $0.535: 
Deduction Number of Total 
foreach mile times milesdriven is deduction 
$0.535 x 8607 = d. 
3. Solve. To solve the equation, we carry out the multiplication. 
8607 
x 0.5 35 
43035 
258210 
4303500 
4604.745 
Thus, d = 4604.745 ~ 4604.75. Answer 


3. $1.78 per serving 
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4. Printing Costs. At Kwik 
Copy, the cost of copying is 
11 cents per page. How much, 
in dollars, would it cost to 
make 466 copies? 


Answer 


4. $5 
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4. Check. We can obtain a partial check by rounding and estimating: 
8607 X 0.535 ~ 9000 xX 0.5 = 4500 = 4604.75. 
5. State. The total allowable deduction was $4604.75. 


< Do Exercise 4. 


Multistep Problems 


EXAMPLE 5 Tracking a Bank Balance. Revenue of U.S. banks from 
overdraft fees exceeded $30 billion in 2016. (Data: consumersunion.org) 

To avoid overdrafts and to track her spending, Maggie keeps a running 
account of her banking transactions. She checks her balance online, but 
because of pending amounts that post later, she keeps a separate record. 
Maggie had $2432.27 in her account. She used her debit card to pay her 
rent of $835 and make purchases of $14.13, $38.60, and $205.98. She then 
deposited her weekly pay of $748.35. What was her balance after these 
transactions? 


1. Familiarize. We first find the total of the debits. Then we find how 
much is left in the account after the debits are deducted. Finally, we add 
to this amount the deposit to find the balance in the account after all the 
transactions. 


2. 3. Translate and Solve. We let d = the total amount of the debits. We 
are combining amounts: $835 + $14.13 + $38.60 + $205.98 = d. To 
solve the equation, we add. 

835.00. First debit 
1 4.1 3. Second debit 
3 8.6 0 Third debit 
+ 205.9 8 Fourth debit 
109 3.71 Total debits Thus, d = 1093.71. 


Now let b = the amount in the account after the debits are deducted. 
We subtract: $2432.27 — $1093.71 = b. 


2432.2 7 Original balance 
— 109 3.71. Total debits 
133 8.5 6 New balance Thus, b = 1338.56. 


Finally, we let f = the balance in the account after the paycheck is 
deposited. 


Balance after Amount of Final 
debits plus deposit is balance 
1338.56 + 748.35 = f 


To solve the equation, we add. 


1338.5 6 Balance after debits 
+ 748.3 5 Paycheck deposit 
208 6.9 1 Final balance 


4. Check. We repeat the computations. 
5. State. Maggie had $2086.91 in her account after all the transactions. 


Do Exercise 5. > 
EXAMPLE 6 Gas Mileage. Ava filled her gas tank and noted that the 
odometer read 67,507.8. After the next fill-up, the odometer read 68,006.1. It 


took 16.5 gal to fill the tank. How many miles per gallon did Ava get between 
fill-ups? 


1. Familiarize. We first make a drawing. 


’ UJ wi . 


This is a two-step problem. First, we find the number of miles that have 
been driven between fill-ups. We let m = the number of miles driven. 


2,3. Translate and Solve. We translate and solve as follows: 


First Number of Second 
odometer miles odometer 
reading plus driven is reading 
67,507.8 + n =  68,006.1. 
To solve the equation, we subtract 67,507.8 on both sides: 
n = 68,006.1 — 67,507.8 68,00 6.1 
= 498.3. —67,507.8 
49 8.3 
Next, we divide the total number of miles driven ae 
by the number of gallons. This gives us m = 1 6.5.)4 9 8.30 
the number of miles per gallon—that is, the gas oe AO 5 " 
mileage. The division that corresponds to the 330 
situation is 498.3 + 16.5 = m. To find the number 
m, We divide. 3 30 
0 


Thus, m = 30.2. 


4. Check. To check, we first multiply the number of miles per gallon 
times the number of gallons to find the number of miles driven: 


16.5 X 30.2 = 498.3. 
Then we add 498.3 to 67,507.8 to find the new odometer reading: 
67,507.8 + 498.3 = 68,006.1. 


The gas mileage of 30.2 checks. 
5. State. Ava got 30.2 miles per gallon. 


Do Exercise 6. > 


5. Bank Balance. Stephen had 


$915.22 in his checking account. 
He used his debit card to pay a 
charge card minimum payment 
of $36 and to make purchases 
of $67.50, $178.23, and $429.05. 
He then deposited his weekly 
pay of $570.91. How much 

was in his account after these 
transactions? 


. Gas Mileage. John filled his 


gas tank and noted that the 
odometer read 38,320.8. After 
the next fill-up, the odometer 
read 38,735.5. It took 14.5 gal 
to fill the tank. How many 
miles per gallon did John get 
between fill-ups? 


Answers 
5. $775.35 6. 28.6 mpg 
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. Gas Mileage. Art filled 

his SUV’s gas tank and 
noted that the odometer 
read 38,271.8. At the next 
fill-up, the odometer read 
38,677.92. It took 28.4 gal to 
fill the tank. How many miles 
per gallon did the SUV get 
between fill-ups? 


. Dimensions of a Parking 
Lot. A store’s parking lot 
is a rectangle that measures 
85.2 ft by 52.3 ft. What is the 
area of the parking lot? 


. Game Snacks. Three stu- 
dents pay $18.40 for snacks 
at a football game. What is 
each student’s share of the 
cost? 


. Electrical Wiring. An 
electrician needs 1314 ft of 
wiring cut into 2}-ft pieces. 
How many pieces will she 
have? 


. College Tuition. Wayne 
needs $4638 for the fall 
semester’s tuition. On the day 
of registration, he has only 
$3092. How much does he 
need to borrow? 


Translating 
for Success 


The goal of these matching questions 
is to practice step (2), Translate, of 
the five-step problem-solving process. 
Translate each word problem to an 


equation and select a correct translation 


from equations A-0. 
A. ee = 1314 
2 
18.4 X 3.87 =n 
o ff = B22 X S23 


. 1314.28 — 437 =n 


- 3X 1840 =n 
1 
251314 = ip 


. 3092 + n = 4638 
. 18.4-n = 3.87 


406.12 
a 


52.3+n = 85.2 

. n= 1314.28 + 437 
52.3 + n = 85.2 

. 3092 + 4638 =n 

- 3°n = 18.40 


- 85.2 +523 =n 


Answers on page A-8 


6. Cost of Gasoline. What 


is the cost of 18.4 gal of 
gasoline at $3.87 per 
gallon? 


7. Savings Account Balance. 


Margaret had $1314.28 in her 
savings account. Before using 
her debit card to buy an office 
chair, she transferred $437 to 
her checking account. How 
much was left in her savings 
account? 


8. Acres Planted. This season 


Sam planted 85.2 acres of 
corn and 52.3 acres of soy- 
beans. Find the total number 
of acres that he planted. 


9. Amount Inherited. Tara 


inherited 2} times as much 
as her cousin. Her cousin 
received $1314. How much 
did Tara receive? 


. Travel Funds. The athletic 


department needs travel 
funds of $4638 for the 
tennis team and $3092 for 
the golf team. What is the 
total amount needed for 
travel? 


FOR 
EXTRA @ MyLab Math 
HELP 


VY Check Your Understanding 


Reading and Concept Check Choose from the list on the right the most appropriate step to solve each equation. 
RC1. y + 100.2 = 412.5 __ 


a) Carry out the addition. 

b) Divide by 100.2 on both sides. 
c) Carry out the multiplication. 
d) Subtract 100.2 on both sides. 


RC2, 100.2 + 412.5 = y__ 
RC3. 100.2 X y = 412.5__ 
RC4. y = 100.2 x 412.5___ 


a Solve. 


Licensed Drivers. The chart below shows the numbers of U.S. licensed drivers in 2014 by age. 


LICENSED DRIVERS 1. How many licensed drivers were 59 and under? 
AGE (in millions) 
19 and under 8.491 
20-39 72.452 
40-59 77.598 2. How many more licensed drivers were ages 40-59 than 
60-79 47.568 ages 60-79? 
80 and over 7.982 
DATA: Federal Highway Administration; 
U.S. Department of Transportation 
3. Lottery Winnings. A group of 12 employees won 4. Lunch Costs. A group of 4 students pays $47.84 for 


$116,000,000 in a lottery. After 39.6% was withheld lunch and splits the cost equally. What is each person’s 
for taxes, the remaining amount, $70,064,000, was split share? 

equally among the employees. How much was each 

winner’s share? 


5. Body Temperature. Normal body temperature is 6. Gasoline Cost. What is the cost of 12.6 gal of 


98.6°F. During an illness, a patient’s temperature 
rose 4.2° higher than normal. What was the new 
temperature? 


. Find the perimeter. 


80Gn 23.8 cm 


4.7cm 


Yo 22.1 em 


gasoline at $2.89 per gallon? Round the answer to 
the nearest cent. 


. Find the length d. 


3.91 cm 
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9. 


11. 


13. 


15. 


17. 
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Miles Driven. Petra bought gasoline when the odom- 
eter read 14,296.3. At the next gasoline purchase, the 
odometer read 14,515.8. How many miles had been 
driven? 


Food Consumption per Day. The average American 
eats 688.6 lb of fruits and vegetables in a year. What is 
the average consumption in one day? (Use 1 year = 365 
days.) Round to the nearest tenth of a pound. 


Data: visualeconomics.com; niftyhomestead.com 


Tank Capacity. The water in a filled tank weighs 
748.45 lb. One cubic foot of water weighs 62.5 lb. How 
many cubic feet of water does the tank hold? 


Movie Opening Revenues. The movie The Hitman’s 
Bodyguard took in $21.6 million on its first weekend. 
This topped the opening weekend revenue for the 
movie Logan Lucky by $13.5 million. How much did 
Logan Lucky take in on its opening weekend? 


Data: comScore 


Andrew bought a DVD of the movie Horton Hears a 
Who for his nephew for $23.99 plus $1.68 sales tax. He 
paid for it with a $50 bill. How much change did he 
receive? 


Decimal Notation 


10. 


14. 


16. 


18. 


. Boston Marathon. 


Odometer Reading. The Lanosga family’s odometer 
reads 22,456.8 at the beginning of a trip. The family’s 
online driving directions tell them that they will be 
driving 234.7 mi. What will the odometer read at the 
end of the trip? 


Kenya swept the 2017 Boston 
Marathon. Geoffrey Kirui won the men’s division in 

2 hr 9.617 min. His time was 12.25 min shorter than 
Edna Kiplagat’s winning time for the women’s division. 
What was Edna Kiplagat’s winning time? 


Data: bostonmagazine.com 


Lot A measures 250.1 ft by 302.7 ft. Lot B measures 
389.4 ft by 566.2 ft. What is the total area of the two 
lots? 


Highway Routes. You can drive from home to work 
using either of two routes: 


Route A: Via interstate highway, 7.6 mi, with a 
speed limit of 65 mph. 


Route B: Via a country road, 5.6 mi, with a speed 
limit of 50 mph. 


Assuming you drive at the posted speed limit, which 
route takes less time? (Use the formula distance = 
speed X time.) 


Claire bought a copy of the book Make Way for 
Ducklings for her daughter for $16.95 plus $0.85 sales 
tax. She paid for it with a $20 bill. How much change 
did she receive? 
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19. 


21. 


23. 


25. 


27. 


Gas Mileage. Peggy filled her van’s gas tank and 
noted that the odometer read 26,342.8. After the next 
fill-up, the odometer read 26,736.7. It took 19.5 gal 

to fill the tank. How many miles per gallon did the 
van get between fill-ups? 


A rectangular yard is 20 ft by 15 ft. The yard is covered 
with grass except for an 8.5-ft-square flower garden. 
How much grass is in the yard? 


Pole Vault Pit. Find the area and the 
perimeter of the landing area of the pole vault pit 
shown here. 


kK 16.4 ft >| 


16.4 ft 


Landing area 


Non-Cash Payments. Global non-cash payments 
numbered 389.6 billion in 2014. This number increased 
by 43.5 billion in 2015. What was the number of global 
non-cash payments in 2015? 


Data: Capgemini Financial Services Analysis, 2017; ECB Statistical Data 
Warehouse; Bank for International Settlements Red Book 


Loan Payment. In order to make money on loans, 
financial institutions must be paid back more money 
than they loan. Suppose you borrow $120,000 to buy a 
house and agree to make monthly payments of $872.67 
for 15 years. How much do you pay back altogether? 
How much more do you pay back than the amount of 
the loan? 


20. Gas Mileage. 


22. 


24, 


26. 


28. Loan Payment. 


Henry filled his Honda’s gas tank and 
noted that the odometer read 18,943.2. After the next 
fill-up, the odometer read 19,306.2. It took 13.2 gal to 
fill the tank. How many miles per gallon did the car 
get between fill-ups? 


Rita’s gross pay (before deductions) is $495.72. Her 
deductions are $59.60 for federal income tax, $29.00 
for FICA, and $29.00 for medical insurance. What is 
her take-home pay? 


Stamp. Find the area and the perimeter of the stamp 
shown here. 


FOREVER 


2.5 cm 


Dow Jones Industrial Average. The five largest one- 
day point gains in the Dow Jones Industrial Average 
are listed in the table below. Find the average of the 
five greatest point gains; round the answer to the 
nearest hundredth of a point. 


DJIA HIGHEST 
DATE POINT GAINS 


10/13/2008 936.42 
10/28/2017 889.35 
8/26/2017 619.07 
11/13/2008 552.60 
3/16/2000 499.19 


DATA: Dow Jones & Co. Inc. 


In order to make money on loans, 
financial institutions must be paid back more money 
than they loan. Suppose you borrow $270,000 to buy 

a house and agree to make monthly payments of 
$1490.95 for 30 years. How much do you pay back 
altogether? How much more do you pay back than the 
amount of the loan? 
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29. 


31. 


33. 


35. 
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Calories Burned Mowing. A person weighing 150 lb 
burns 7.3 calories per minute while mowing a lawn 
with a power lawnmower. How many calories would 
be burned in 2 hr of mowing? 


Data: The Handy Science Answer Book 


Construction Pay. A construction worker is paid 
$18.50 per hour for the first 40 hr of work, and time 
and a half, or $27.75 per hour, for any overtime 
exceeding 40 hr per week. One week she works 46 hr. 
How much is her pay? 


Motor Vehicle Production. In 2015, worldwide 
production of motor vehicles was 90.781 million. The 
table below lists production for the top six vehicle- 
producing nations. Find the average vehicle produc- 
tion for the top three countries. Round to the nearest 
thousandth of a million. 


South Korea 
India 


DATA: International Organization of Motor Vehicle Manufacturers (OICA) 


Checking Account Balance. 


30. 


32. 


34. 


Weight Loss. A person weighing 170 lb burns 8.6 cal- 
ories per minute while mowing a lawn. One must burn 
about 3500 calories in order to lose 1 Ib. How many 
pounds would be lost by mowing for 2 hr? Round to 
the nearest tenth. 


Summer Work. Daniel worked 53 hr during one 
week last summer. He earned $13.50 per hour for the 
first 40 hr and $15.25 per hour for overtime (hours 
exceeding 40). How much did Daniel earn during the 
week? 


Projected World Population. Using the information 
in the bar graph below, determine the average popu- 
lation of the world for the years 1950 through 2050. 
Round to the nearest thousandth of a billion. 


ae 


World population 
(in billions) 
ORPFNWHRNDAAINMOO 


*Projected 
DATA: U.S. Census Bureau; International Data Base 


Jacob had $1218.30 in his bank account. After using his debit card for three purchases, 


writing a check for his rent, and receiving his weekly paycheck by direct deposit, he checked what he had calculated as 
his balance against his online account balance. They did not match. Find his errors and correct the numbers in the bal- 


ance column. 


DESCRIPTION 


Walgreen's 


(=) (+) 
PAYMENT/ DEPOSIT/ 
DEBIT CREDIT 


BALANCE 
$1218.30 


Rent 


Paycheck 


Kroger 


Bookstore 
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36. Checking Account Balance. Lynn had $3425.24 in her bank account. After making her mortgage payment with a 
check, making two purchases with her debit card, making an online utility payment, and depositing her paycheck, she 
checked what she had calculated as her balance against her online account balance. They did not match. Find her errors 
and correct the numbers in the balance column. 


(23 (+) 
CHECK DESCRIPTION Et DEPOSIT/ BALANCE 
NUMBER DEBIT CREDIT $3425 24 


fort age P papel’ 


AYCNE CK 
THE EVErGY 
Grocerntes 

GAS 


37. Body Temperature. Normal body temperature is 38. Body Temperature. Normal body temperature 
98.6°F. A baby’s bath water should be 100°F. How is 98.6°F. The lowest body temperature at which a 
many degrees above normal body temperature is patient has survived is 69°F. How many degrees below 
this? normal is this? 

39. Property Taxes. The Brunners own a house in 40. Property Taxes. The Colavitos own a house in 
Indiana with an assessed value of $234,500. For every Louisiana with an assessed value of $187,300. For 
$1000 of assessed value, they pay $8.70 in property every $1000 of assessed value, they pay $4.90 in 
taxes each year. How much do they pay in property property taxes each year. How much do they pay in 
taxes each year? property taxes each year? 


Skill Maintenance 


Add. Subtract. 
5. 7 1 1 2.5 
.>+— £. ~4542=- [3 ces. ie ; - 
41 6 [3.2a] 42 S +2 5 [3.5a] 43 5s [3.3a] 44. 4569 — 1766 [1.3a] 
Simplify. [2.5b] 
125 325 : : 
45. 400 46. 625 47. If a bicycle wheel made 480 revolutions at a rate of 
663 revolutions per minute, for how long did it rotate? 
[3.6c] 
SUTIN ch fa pendsig redseatec ne gmdate a oeip occa iad cdenin sect seeping enact he tiap eens coianiitomnsundenbundiesdh 


48. Suppose you buy a half-dozen packs of basketball cards, with a dozen cards in each pack. The cost is twelve dozen cents 
for each half-dozen cards. How much do you pay for the cards? 
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Vocabulary Reinforcement 


Complete each statement with the correct word from the list on the right. 


LA decimal occurs when we convert a fraction to a trillion 
decimal and the denominator of the fraction has at least one factor malign 
other than 2 or 5. [4.5a] oo 

billion 
2A decimal occurs when we convert a fraction to a : : 

h 
decimal and the denominator of the fraction has only 2’s or 5’s, or aut sarteas nienbets 
both, as factors. [4.5a] repeating 

3. One = 1,000,000,000. [4.3b] veranating 

4. One = 1,000,000. [4.3b] 

5. One = 1,000,000,000,000. [4.3b] 

6. The consist of the whole numbers 0, 1, 2, 3, and 

14 31 
fracti like =, = —, fal 
so on and fractions like 75° and 75 [4.1a] 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. One thousand billion is one trillion. [4.3b] 


2. The number of decimal places in the product of two numbers is the 
product of the numbers of places in the factors. [4.3a] 


3. An estimate found by rounding to the nearest ten is usually more 
accurate than one found by rounding to the nearest hundred. [4.6a] 


4. For a fraction with a factor other than 2 or 5 in its denominator, 
decimal notation terminates. [4.5a] 


Study Guide 


Objective 4.1b Convert between decimal notation and fraction notation. 


Example Write fraction notation for 5.347. Practice Exercise 


5347 1. Write fraction notation for 50.93. 
5.347 5.347. —— : 
V7 1000 
t t 


3 decimal places Move 3 places 3 zeros 
to the right. 


29 
Example Write decimal notation for 7000' Practice Exercise 
: 817 
29 29 : 2. Write decimal notation for ——. 
= 0.029. —— = 0.029 : 
1000 os 1000 a 
uN 
3 zeros Move 3 places 


to the left. 
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63 Practice E i 
Example Write decimal notation for 4700" ; ee meen ix 
3. Write decimal notation for 42——. 
pelle @ eee Or mew er ies 
100. +100. 100 


Objective 4.1d Round decimal notation to the nearest thousandth, hundredth, tenth, one, ten, hundred, or thousand. 


Example Round 19.7625 to the nearest hundredth. Practice Exercise 


Locate the digit in the hundredths place, 6. 4. Round 153.346 to the nearest hundredth. 
Consider the next digit to the right, 2. Since that digit, 2, 
is 4 or lower, round down. 


19.7625 


19.76 


Objective 4.2a Add using decimal notation. 


Example Add: 14.26 + 63.589. : Practice Exercise 


1 > §, Add: 5.54 + 33.071. 
14.260 Writing an extra zero ; 
+ 63.589 
77.849 


Objective 4.2b Subtract using decimal notation. 


Example Subtract: 67.345 — 24.28. Practice Exercise 


214 : 6. Subtract: 221.04 — 13.192. 
67.345 : 
—24.280 Writing an extra zero 
43.065 


Objective 4.3a Multiply using decimal notation. 


Example Multiply: 1.8 x 0.04. Practice Exercise 
1.8 (1 decimal place) 7. Multiply: 5.46 x 3.5. 
x 0.0 4 (2 decimal places) 
0.0 7 2 (3 decimal places) 


Example Multiply: 0.001 x 87.1. Practice Exercise 


0.001 x 87.1 0.087.1 > §, Multiply: 17.6 x 0.01. 


3 decimal places Move 3 places to the left. 
We write an extra zero. 


0.001 87.1 = 0.0871 


Example Multiply: 63.4 x 100. Practice Exercise 


63.4 x 100 63,40. 9. Multiply: 1000 x 60.437. 


2 Zeros Move 2 places to the right. 
We write an extra zero. 


63.4 x 100 = 6340 
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Objective 4.4a Divide using decimal notation. 


Example Divide: 21.35 + 6.1. 
3.5 
6.1) 2 1.3)5 
183 
305 
305 
0 


Example Divide: ule 
1000 

16.7 

1000 


t 


3 zeros Move 3 places to the left. 


0.016.7 
7 


16.7 


7000 > 0.0167 
so 42.93 
Example Divide: 0.001" 
42.93 
eae 42.930. 
0.001 nae 


t 


3 decimal places Move 3 places to the right. 


42.93 


ooo 42,930 


Review Exercises 


Practice Exercise 
10. Divide: 26.64 + 3.6. 


Practice Exercise 


4.7 
11. Divide: —. 
ivide 100 


Practice Exercise 
156.9 


12. Divide: . 
ivide 001 


Convert the number in each sentence to standard 


notation. [4.3b] 


1. Russia has the largest total area of any country in 


the world, at 6.59 million square miles. 


2. Americans eat more than 3.1 billion pounds of 


chocolate each year. 


Data: Chocolate Manufacturers’ Association 


Write a word name. [4.1a] 


3. 3.47 4. 0.031 
5. 27.0001 6. 0.9 

Write fraction notation. [4.1b] 

7. 0.09 8. 4.561 
9. 0.089 10. 3.0227 

Write decimal notation. [4.1b] 

i 34 ‘6 42,603 
* 1000 * 10,000 

OF 6 
Which number is larger? [4.1c] 
15. 0.034, 0.0185 16. 0.91, 0.19 


17. 0.741, 0.6943 18. 1.038, 1.041 


Round 17.4287 to the nearest: [4.1d] 


19. Tenth. 20. Hundredth. 


21. Thousandth. 22. One. 
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Add. [4.2a] 


23. 2.048 24. 0.6 
65.371 0.004 
+50 7.1 0.07 
+0.0098 
25. 219.3 4+2.8+7 26. 0.41+ 41+ 41+ 0.041 : 


Subtract. [4.2b] 


27. 30.0 38 845.08 
- 0.7908 "= 54.79 
29. 37.645 — 8.497 30. 70.8 — 0.0109 
Multiply. [4.3a] 
31. 48 32. 0.174 
x 0.27 cae 
33. 100 x 0.043 34. 0.001 < 24.68 
Divide. [4.4a] 
35. 8 )6 0 36.5 2) 23.4 
ah. 26) 1-1 7152 a8. 214) TS TOS: 
276.3 13.892 
ome 40. ——— 
1000 0.01 


Solve. [4.2c], [4.4b] 
41. x + 51.748 = 548.0275 = 42. 3: x = 20.85 


43. 10-y = 425.4 44. 0.0089 + y = 5 


Solve. [4.7a] 


45. Elizabeth earned $1268.80 working as a coronary 
pediatric care nurse for 32 hr one week. What is her 
hourly wage? 


46. Sodium Consumption. The average person 
consumes 2.736 Ib of sodium in a year. What is 
the average consumption in ounces per day? (Use 
1 lb = 16 ounces and 1 year = 365 days.) Round 
to the nearest hundredth of an ounce. 


Data: visualeconomics.com; niftyhomestead.com 


47. Derek had $1034.46 in his bank account. He 
used his debit card to buy a Wii game sys- 
tem for $249.99. How much was left in his 
account? 


48. Scanning Posters. A high school club needs 
to scan posters designed by students and load 
them onto a flash drive. The copy center charges 
$12.99 for the flash drive and $1.09 per square foot 
for scanning. If the club needs to scan 13 posters 
at 3 sq ft per poster, what will the total cost 
be? 


49. Gas Mileage. Ellie wants to estimate the gas 
mileage of her car. At 36,0571 mi, she fills the tank 
with 10.7 gal. At 36,2176 mi, she fills the tank with 
11.1 gal. Find the mileage per gallon. Round to the 
nearest tenth. 


50. Books in Libraries. The table below lists the 
numbers of books, in millions, held in the five larg- 
est public libraries in the United States. Find the 
average number of books per library. Round to the 
nearest tenth. 


NUMBER OF BOOKS 
LIBRARY (in millions) 


Library of Congress 34.5 
Boston Public Library 19.1 
Harvard University 16.8 
New York Public Library 16.3 
University of Illinois-Urbana 13.2 


DATA: American Library Association 


Summary and Review: Chapter4 - 279 


Estimate each of the following. [4.6a] 


51. The product 7.82 < 34.487 by rounding to the 
nearest one 


52. The difference 219.875 — 4.478 by rounding to the 
nearest one 


53. The sum $45.78 + $78.99 by rounding to the 
nearest one 


Find decimal notation. Use multiplying by 1. [4.5a] 
54. a 55. = 56. a 
25 20 4 
Find decimal notation. Use division. [4.5a] 
57, a2 58. : 59. ul 
4 6 11 


Round the answer to Exercise 59 to the nearest: 
60. Tenth. 61. Hundredth. 


[4.5b] 


Convert from cents to dollars. 
63. 8273¢ 


[4.3b] 
64. 487¢ 


Convert from dollars to cents. 
65. $24.93 


[4.3b] 
66. $9.86 


Calculate. [4.4c], [4.5c] 
67. (8 — 1.23) + 4+ 5.6 x 0.02 


62. Thousandth. 


68. 


(1 + 0.07)? + 103 + 10? 
+ [4(10.1 — 5.6) + 8(11.3 — 7.8)] 


69. : x 20.85 

4 

346.295 
70. Divide: . [44 
ivide: [ o7 [4.4a] 

A. 0.346295 B. 3.46295 

C. 34,629.5 D. 346,295 
71. Estimate the quotient 82.304 + 17.287 by round- 

ing to the nearest ten. [4.6a| 

A. 0.4 B. 4 

C. 40 D. 400 
Synthesis 22s 
72. &] In each of the following, use one of +, —, X, 

and + in each blank to make a true 

sentence. [4.4c] 

a) 2.56[]6.4[_]51.2[/]17.4 [| ]89.7 = 72.62 

b) (11.12[]0.29) []3* = 877.23 
73. Use the fact that ; = 0.3 to find repeating deci- 


mal notation for 1. Explain how you got your 
answer. [4.5a] 


Understanding Through Discussion and Writing 


1. Describe in your own words a procedure for 
converting from decimal notation to fraction 
notation. [4.1b] 


2. A student insists that 346.708 x 0.1 = 3467.08. 
How could you convince him that a mistake 
had been made without checking on a 
calculator? [4.3a] 


3. 


When is long division not the fastest way to 
convert from fraction notation to decimal 
notation? [4.5a] 


. Consider finding decimal notation for es Discuss 


as many ways as you can for finding such notation 
and give the answer. [4.5a] 
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CHAPTER 


For step-by-step test solutions, access the Chapter Test Prep Videos 
4 Test in MyLab Math. 


1. Projected World Population. The world population 2. Write a word name for 123.0047. 
is projected to reach 9.8 billion in 2050. Convert 
9.8 billion to standard notation. 


Data: United Nations, Department of Economics and Social Affairs 


Write fraction notation. Which number is larger? 
a OG 4. 2.769 5. 0.07, 0.162 6. 8.049, 8.0094 


Write decimal notation. 


74 37,047 9 
z 1000 ee 10,000 2780 100 
Round 5.6783 to the nearest: 
10. One. 11. Thousandth. 12. Tenth. 
Calculate. 
52.6 7 & 2 0.0 
b 4+ 6.1 + 6 6 
13. 102.4 + 6.1 + 78 14. AAD f 15. ROGaS 
O12 5 
6 i Us x 3 o 
16 ay 17. 0.001 < 213.45 18.4) 19 
Set MS Rs eee es 346.89 

19. 3. il ey Ns BBN DT Ss —=_— 
Y, 3.3 ) 1 0038 0; 8Q)1 5.5 & 1000 
Solve. 
22. 4.8: y = 404.448 230% 410.0113) 39 


Test: Chapter4 281 


Calculate. 


2, BNO = BD or 2 = Ils ae TS3ws) o< O02 


Find decimal notation. 


Dee a7, 2 
20 > 


Round the answer to Exercise 29 to the nearest: 
30. Tenth. 31. Hundredth. 


Estimate each of the following. 


33. The product 8.91 x 22.457 by rounding to the nearest 
one 


35. Scanning Blueprints. A building contractor needs to 
scan blueprints and load the scans onto a flash drive. 
The copy center charges $10.99 for the flash drive and 
$1.19 per square foot for scanning. If the contractor 
needs to scan 5 blueprints at 6 sq ft per blueprint, 
what will the total cost be? 


37. Life Expectancy. Life expectancies at birth for seven 
Asian countries are listed in the table below. Find the 
average life expectancy for this group of countries. 
Round to the nearest tenth. 


sor 
COUNTRY (in years) 
Japan 84.74 
South Korea 80.04 
People’s Republic of China 75.41 
Russia 70.47 
North Korea 70.11 
India 68.13 
Afghanistan 50.87 


DATA: The CIA World Factbook 2017 


SUTNGIGS 1S Bos acr ecete etre ctag ees tee errata ae ae eee re ene ete tere ene 


40. Silver’s Health Club charges a $79 membership fee and 
$42.50 a month. Allise has a coupon that will allow her 
to join the club for $299 for 6 months. How much will 
Allise save if she uses the coupon? 
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25. 


28. 


34, 


36. 


38. 


39. 


: x 345.6 
— Boe 
iil 2 
32. Thousandth. 
The quotient 78.2209 + 16.09 by rounding to the 


nearest ten 


Gas Mileage. Tina wants to estimate the gas mileage 
of her economy car. At 76,843 mi, she fills the tank 
with 14.3 gal of gasoline. At 77,310 mi, she fills the 
tank with 16.5 gal of gasoline. Find the mileage per 
gallon. Round to the nearest tenth. 


The office manager for the law firm Drake, Smith, and 
Hartner buys 7 cases of copy paper at $41.99 per case. 
What is the total cost? 


Convert from cents to dollars: 949¢. 
A. 0.949¢ B. $9.49 C. $94.90 D. $949 


. 8 Arrange from smallest to largest. 


4 WS iil S Ws ily 
3 1G 1a" 7 IS” Be 
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CHAPTERS 


1—4 | Cumulative Review 


Convert to fraction notation. Add and simplify. 
ih = 2. 3.051 1S. 27 16. 34,921 
: n 9 30 9 2 
a a= de il Io © 3 
Find decimal notation. 
7 6 
3. 5 4, Tal 
17. L ar z ap S 18. 143.9 + 2.053 
5. Determine whether 43 is prime, composite, or Oe 
neither. 
6. Determine whether 2,053,752 is divisible by 4. 
Subtract and simplify. 
19. 723,041 — 12,904 20. 19 — 5.903 
Calculate. 
7. 48 + 12 += 4-10 X 2 + 6892 = 4 
Rh Zh = tO LAGOS = Iles) se IGS) = 235] 1 3 10 9 
21. 57 4, 22. 1 10 
Round to the nearest hundredth. 
9. 584.973 
: Multiply and simplify. 
10. 218.5 3 4 2S 3 2 
es eC OOt 
11. Estimate the product 16.392 x 9.715 by rounding to 
the nearest one. 
a ees ; : he : 25 239) %6 27.9431 
. Estimate by rounding to the nearest tenth: SS or ae. 0.001 
2.714 + 4.562 — 3.31 — 0.0023. i 
13. Estimate the product 6418 x 1984 by rounding to the 
nearest hundred. 
Divide and simplify. 
27-21 Gio eon ee 28. 2647 ons 


14. Estimate the quotient 717.832 + 124.998 by rounding 
to the nearest ten. 
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4 8 
29. 13.8621 + 0.001 30. 9 => 


Solve. 


31. 8.32 + x = 9.1 32. 75-x = 2100 


33. y:9.47 = 81.6314 34. 1062 + y = 368,313 


37. Dominant Languages. ‘The table below lists the 
numbers of speakers (native and non-native) for the 
top five languages spoken worldwide. How many 
people in the world are speakers of English or 
Spanish? 


SPEAKERS 
LANGUAGE (in millions) 


Chinese 1149 
English 963 
Spanish 518 
Hindi 430 
Arabic 422 


DATA: rocketlanguages.com 


38. Refer to the table in Exercise 37. How many more 
people in the world are speakers of Chinese than speak- 
ers of Arabic? 


39. After Lauren made a $450 down payment on a sofa, 
3 of the total cost was paid. How much did the sofa 
cost? 
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40. Joshua’s tuition was $3600. He obtained a loan for t of 
the tuition. How much was the loan? 


41. The balance in Elliott’s bank account was $314.79. 
After a debit transaction for $56.02, what is the balance 
in the account? 


42. A clerk in Leah's Delicatessen sold 1} Ib of ham, 2} Ib 
of turkey, and 24 Ib of roast beef. How many pounds of 
meat were sold altogether? 


43. A baker used 5 Ib of sugar for cookies, 3 lb of sugar for 
pie, and ; Ib of sugar for cake. How much sugar was 
used in all? 


44. The Currys’ rectangular family room measures 19.8 ft 
by 23.6 ft. What is its area? 


Simplify. 


aXe il i\? 
as. (3) =-(3 15) 


46. 1.2 X 122+ 0.1 x 3.6 


SUNCHESIS teeter eee ee 


47. Using a manufacturer’s coupon, Lucy bought 
2 cartons of orange juice and received a third carton 
free. The price of each carton was $3.59. What was the 
cost per carton with the coupon? Round to the nearest 
cent. 


48. A carton of gelatin mix packages weighs 153 Ib. Each 
package weighs 13 oz. How many packages are in the 
carton? (1 lb = 160z) 


Copyright © 2019 Pearson Education, Inc. 


CHAPTER 


Introduction to Ratios 
5.2 Rates and Unit Prices 
Proportions 


Applications of Proportions 


5.5 Geometric Applications 


Ratio and Proportion 


zA 


Because of factors such as disease, injury, and weather, marine mammals can 
become stranded on land. According to the National Marine Fisheries Service, which 
coordinates monitoring and rescue of stranded marine mammals, over 59,000 marine 


mammals were stranded in the United States in the years 2001-2009. The mammals ~ 
counted included cetaceans (whales, dolphins, and porpoises) and pinnipeds (seals : 
Marine Mammal Strandings, 2001-2009 and walruses). The 
SOc COMPanying graph = 
illustrates where 
each type of mammal 
was stranded. Over 
120 organizations 
in the United States 
respond to marine 
tales mammal strandings, 
Northwest 
Alaska and 32 ofthese 
aE Souniest are equipped to 
I Southwest se 
MiPacificistands Tehabilitaterescued =| 
12,545 Cetaceans 39,104 Pinnipeds marine mammals. . 
DATA: NOAA 
In Example 7 of Section 5.1, we will calculate ratios of marine mammals 
that were stranded at Cape Hatteras National Seashore. 
285 


ae, 
= 


STUDYING FOR SUCCESS Working Exercises 


(_) Don’t try to solve a homework problem by working backward from the answer given at the back of the 
text. Remember: quizzes and tests have no answer section! 


{-] Check answers to odd-numbered exercises at the back of the text. 


{-} Work some even-numbered exercises, whose answers are not provided, as practice. Check your answers 
later with a friend or your instructor. 


5.1 


OBJECTIVES 


‘al Find fraction notation 
for ratios. 


iB Simplify ratios. 


1. Find the ratio of 5 to 11. 


2. Find the ratio of 57.3 to 86.1. 


3. Find the ratio of 6 to 72. 


5 
Answers 
5 57.3 
1. ri ors21t 2 361° or 57.3 : 86.1 
67 3 2 
3. —, or6—: 7 > 
7p or 4:15 
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Introduction to Ratios 


(@) RATIOS 


A ratio is the quotient of two quantities. 


The average wind speed in Chicago is 10.4 mph. The average wind speed in 
Boston is 12.5 mph. The ratio of average wind speed in Chicago to average 
wind speed in Boston is written using colon notation, 


Chicago wind speed —> 10.4 : 12.5, <— Boston wind speed 
or fraction notation, 


10.4 <— Chicago wind speed 
12.5° <— Boston wind speed 


We read both forms of notation as “the ratio of 10.4 to 12.5.” 


RATIO NOTATION 


had 
b 


the numerator and 5 is the denominator, or by the colon notation a: b. 


The ratio of a to b is expressed by the fraction notation —, where a is 


EXAMPLE 1. Find the ratio of 7 to 8. 


7 
The ratio is gy of 7:8. O 
EXAMPLE 2 Find the ratio of 31.4 to 100. 
1.4 
The ratio is aise, or 31.4: 100. O 


100 


EXAMPLE 3 Find the ratio of 43 to 54. You need not simplify. 
2 


a 3 2.07 
The ratio is, or 43:53. 
8 


<@ Do Exercises 1-3. 


In most of our work, we will use fraction notation for ratios. 


EXAMPLE 4 Media Usage. In 2016, American adults spent an average 
of 5.5 hr per week on social media and 25 hr per week on all media. Find 
the ratio of average time spent on social media to average time spent on all 


media. 
Data: 2016 Nielsen Social Media Report 


The ratio is os 
25 


EXAMPLE 5 Record Rainfall. The greatest rainfall ever recorded in the 
United States during a 12-month period was 739 in. in Kukui, Maui, Hawaii, 
from December 1981 to December 1982. What is the ratio of amount of rain- 
fall, in inches, to time, in months? of time, in months, to amount of rainfall, 


in inches? 
Data: Time Almanac 


The ratio of amount of rainfall, in inches, to time, in months, is 


739 < Rainfall 
12 °< Time 


The ratio of time, in months, to amount of rainfall, in inches, is 


12 < Time 
739° <— Rainfall 


EXAMPLE 6 Refer to the triangle below. 


a) What is the ratio of the length of the longest side to the length of the 


shortest side? 


5 <— Longest side 
3 <— Shortest side 


b) What is the ratio of the length of the shortest side to the length of the 


longest side? 


3 <— Shortest side 
5 <— Longest side 


Do Exercises 4-6. > 


. Record Snowfall. The 


greatest snowfall recorded in 
North America during a 

24-hr period was 76 in. in 
Silver Lake, Colorado, on 
April 14-15, 1921. What is the 
ratio of amount of snowfall, in 
inches, to time, in hours? 


Data: U.S. Army Corps of Engineers 


. Coffee Drinks. A 16-0z 


café mocha with whole milk 
contains 360 calories. A 16-0z 
iced, blended cappucino 
contains 240 calories. What 

is the ratio of the number of 
calories in the café mocha to 
the number of calories in the 
cappucino? What is the ratio 
of the number of calories in the 
cappucino to the number of 
calories in the café mocha? 


Data: medbroadcast.com 


. In the triangle below, what is 
the ratio of the length of the 
shortest side to the length of 
the longest side? 


K 40.3 yd >| 
Length of side _ 
Length of side 

Answers 


4 


76 360, 240 38.2 


"24 ~* 240°360 ~° 55.5 


Guided Solution: 


shortest 38.2 


* longest ’ 55.5 
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Marine Mammal Strandings 


UU 

Sau 

BE8 

aa % 

S25 

2% 

552 

A Dolphins Porpoises Whales 
DATA: nps.gov 

7. NBA Playoffs. In the 

final game of the 2017 NBA 

Playoffs, the Golden State 

Warriors made a total of 67 

baskets. Of these, 19 were free 

throws, 34 were two-point field 
goals, and the remainder were 
three-point field goals. 

Data: nba.com 

a) What was the ratio of the 
number of two-point field 
goals to the number of free 
throws? 

b) What was the ratio of the 
number of three-point field 
goals to the total number of 
baskets? 

Answers 
34 14 
LMI OG 
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Seals 


EXAMPLE 7 Marine Mammal Strandings. In 2015, a total of 

57 marine mammals were stranded on the beaches of Cape Hatteras 

National Seashore in North Carolina. The bar graph at left shows 

how many dolphins, porpoises, whales, and seals were stranded. 

a) What is the ratio of the number of dolphins stranded to the 
number of whales stranded? 


b) What is the ratio of the number of cetaceans (dolphins, por- 
poises, and whales) stranded to the number of pinnipeds (seals) 
stranded? 


c) What is the ratio of the number of mammals stranded that were 
not dolphins, porpoises, whales, or seals to the total number of 
mammals stranded? 


a) The ratio of the number of dolphins stranded to the number of whales 


b) 


c) The total number of dolphins, porpoises, whales, and seals stranded is 


< 


stranded is 


33 <— Dolphins 
8 "<— Whales 


The total number of cetaceans (dolphins, porpoises, and whales) is 
33 +9+8 = 50. 
The ratio of these mammals to the number of pinnipeds (seals) is 


50 < Dolphins, porpoises, and whales 
5 '< Seals 


33 +9+8+5=55. 
Thus, the number of other types of mammals stranded is 


57 — 55 = 2. 


The ratio of the number of other types of mammals to the total number 


of mammals stranded is 


2 <~ Mammals that were not listed in graph 
57 <— Total number of mammals stranded 


Do Exercise 7. 


Db SIMPLIFYING NOTATION FOR RATIOS 


Simplify fraction notation. |2.5b] 
Simplify 
16 40 
1. ea 2. A 


il 
Answers: 1. a 2 


MyLab Math 
VIDEO 


5 


3 


Sometimes a ratio can be simplified. Simplifying provides a means of finding 
other numbers with the same ratio. 


EXAMPLE 8 Find the ratio of 6 to 8. Then simplify to find two other 
numbers in the same ratio. 
We write the ratio in fraction notation and then simplify: 


6. 33 .33.,3 4 
8 2:4 24 4.4 


Thus, 3 and 4 have the same ratio as 6 and 8. We can express this by saying 
“6 is to 8 as 3 is to 4.” 


Do Exercise 8. > 


EXAMPLE 9 Find the ratio of 2.4 to 10. Then simplify to find two other 
numbers in the same ratio. 

We first write the ratio in fraction notation. Next, we multiply by 1 to 
clear the decimal from the numerator. Then we simplify. 


24 24 10 24 a5 2 6 6 
10 10 10 100 4-25 4 25 25 


Thus, 2.4 is to 10 as 6 is to 25. 


Do Exercises 9 and 10. > 


EXAMPLE 10 An HDTV screen that measures approximately 46 in. 
diagonally has a width of 40 in. and a height of 224 in. Find the ratio of width 
to height and simplify. 


40 


The ratio is a nea ee 

225 22.5 22.5 10 
_ 25-16 25 16 

~ 25-9 25 9 

16 

eS 


Thus, we can say that the ratio of width to height is 16 to 9, which can also 
be expressed as 16: 9. 


Do Exercise 11. > 


10. 


11. 


. Find the ratio of 18 to 27. Then 


simplify to find two other 
numbers in the same ratio. 


. Find the ratio of 3.6 to 12. 


Then simplify to find two other 
numbers in the same ratio. 


IRRaMHIG) OLE SHO (to) (2s ee 


Simplifying: 
3:0) 107 5 - 03} 
12 120 12-10 
— 3 — 
12 «10 10 


Find the ratio of 1.2 to 1.5. 
Then simplify to find two other 
numbers in the same ratio. 


An HDTV screen that 
measures 44 in. diagonally has 
a width of 38.4 in. and a height 
of 21.6 in. Find the ratio of 
height to width and simplify. 


Answers 


8. 18 is to 27 as 2 is to 3. 
9. 3.6 is to 12 as 3 is to 10. 


10. 1.2istolS5as4isto5. 11. is 


16 


Guided Solution: 
9. a8 10, 36, 12, 12,3 
12 
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Introduction to Ratios 


FOR 
EXTRA 
HELP 


v Check Your Understanding 
Reading Check 


RC1. A ratio is a quotient. 


@ MyLab Math 


RC3. The ratio 6: 7 can also be written z 


Concept Check 
a 

1. = 
CCl. 5 

6 9 
as Dg c) 30:40 
CC2. 1.6 to 10 
a) - b) 16 to 100 c) 4:25 


la) Find fraction notation for each ratio. You need not simplify. 


1. 4to5 
5. 0.4 to 


12 


9. 56.78 to 98.35 


13. Book Sales. 
books and 204 million traditionally published e-books 
sold in the United States. What is the ratio of the 
number of print books to the number of e-books? of 
the number of e-books to the number of print books? 


2. 3to2 
6. 2.3 to 22 


10. 456.2 to 333.1 


In 2015, there were 653 million print 


Data: 2015 U.S. Book Industry Year-end Review, Nielsen 
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Ratio and Proportion 


3. 
7. 


11. 


14. 


Determine whether each statement is true or false. 


RC2. If there are 2 teachers and 27 students in a classroom, the ratio of students to teachers is 27 : 2. 


RC4. The numbers 2 and 3 are in the same ratio as the numbers 4 and 9. 


Choose from each list all pairs of numbers that are in the same ratio as the given ratio. 


d) 0.3 to 0.4 e) 4:5 
16 8 
178 to 572 4. 329 to 967 
3.8 to 7.4 8. 0.6 to 0.7 
3 5 1 1 
87 to 96 12. 10, ar 


Silicon in the Earth’s Crust. Every 100 tons of the 
earth’s crust contains about 28 tons of silicon. What is 
the ratio of the weight of silicon to the weight of crust? 
of the weight of crust to the weight of silicon? 


Data: The Handy Science Answer Book 
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National Parks. 


Of the 59 national parks in the United States, 35 are located in the seven states included in the following 


bar graph. Use the graph for Exercises 15-18. You need not simplify the ratios. 


15. 


17. 


19. 


21. 


Number of parks 


DATA: National Park Service 


What is the ratio of the number of national parks in 
the seven states listed to the total number of national 
parks? 


What is the ratio of the number of national parks in 
Alaska and California to the number of national parks 
in the other 48 states? 


Tax Freedom Day. Of the 365 days in 2017, the 
average American worked 113 days to pay his or her 
federal, state, and local taxes. Find the ratio of the 
number of days worked to pay taxes in 2017 to the 
number of days in the year. 


Data: Tax Foundation 


Field Hockey. A diagram of the playing area for 
field hockey is shown below. What is the ratio of width 
to length? of length to width? 


Data: Sports: The Complete Visual Reference 


Sideline 


Shooting circle 


Officials’ table 


16. 


18. 


20. 


22. 


What is the ratio of the number of national parks in 
Alaska and California to the total number of national 
parks? 


What is the ratio of the number of national parks in 
the seven states listed to the number of national parks 
in the other 43 states? 


Careers in Medicine. The number of jobs for nurses 
is expected to increase by 439,300 between 2014 and 
2024. During the same decade, the number of jobs 

for physicians is expected to increase by 99,300. Find 
the ratio of the increase in jobs for physicians to the 
increase in jobs for nurses. 


Data: Bureau of Labor Statistics 


The Leaning Tower of Pisa. The Leaning Tower 

of Pisa was reopened to the public in 2001 following 

a 10-yr stabilization project. The 184.5-ft tower now 
leans about 13 ft from its base. What is the ratio of the 
distance that it leans to its height? of its height to the 
distance that it leans? 


Data: CNN 
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b Find the ratio of the first number to the second and simplify. 


23. 4 to6 24. 6 to 10 25. 18 to 24 26. 28 to 36 
27. 4.8 to 10 28. 5.6 to 10 29. 2.8 to 3.6 30. 4.8 to 6.4 
31. 20 to 30 32. 40 to 60 33. 56 to 100 34. 42 to 100 
35. 128 to 256 36. 232 to 116 37. 0.48 to 0.64 38. 0.32 to 0.96 
39. For this rectangle, find the ratios of length to width 40. For this right triangle, find the ratios of shortest side 

and of width to length. length to longest side length and of longest length to 

shortest length. 
478 ft 
213 ft 107.3 m 
475m 
96.2 m 

SSRCUUL PA RTT CS cee cca ass wap gcd ca apd sac vb hsaded eed eaded ed tan bee ead eaaadn eae 
Add. Simplify if possible. 
41. 18,468 + 390,082 [1.2a] 42. 24 + 3.006 [4.2a] 43. 4.2 + 28.07 + 365 [4.2a] 

LL. 2 3 4 5 1 

_>+— By Lot B: . 45 4+9— (3. 

44 rae [3.2a] 45 a ip [3.2a] 46 rs 95 [3.5a] 
Subtract. Simplify if possible. 
47. 982,001 — 39,782 [1.3a] 48. 12.5 — 9.9 [4.2b] 49. 96 — 1.625 [4.2b] 

9 1 2 4 1 
50. 16 2 [3.3a] 51. 83 - 6% [3.5b] 52. 11 — 63 [3.5b] 
POI ENIR cz dsssb ksh toteycatb ag St opted cena ht i once Bunce lis eateacie keasnates 


53. Find the ratio of 33 to 53 and simplify. 


Fertilizer. Exercises 54 and 55 refer to a common lawn fertilizer known as “5, 10, 15.” This mixture contains 5 parts of 
potassium for every 10 parts of phosphorus and 15 parts of nitrogen. (This is often denoted 5 : 10: 15.) 


54. Find and simplify the ratio of potassium to nitrogen 55. Simplify the ratio 5:10: 15. 
and of nitrogen to phosphorus. 
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Rates and Unit Prices 


(@) RATES 


Divide using decimal notation. |4.4a] 
Divide. 
1. 15)634.5 2. 2.4)6 


MyLab Math 
VIDEO 


A 2018 Toyota Camry can travel 408 mi on 12 gal of gasoline. Let’s consider 
the ratio of miles to gallons: 
Data: cars.com 


408 mi _ 408 miles _ 34 miles 


OBJECTIVES 
a Give the ratio of two different 
measures as a rate. 


cy Find unit prices and use them to 


Answers: 1. 42.3 2. 2.5 compare purchases. 


12 gal 12 gallon 1 gallon 


34 miles per gallon = 34 mpg. 


i 


“per” means “division,” or “for each.” 


The ratio 
408 mi ve 408 mi - 
12 gal’ 12 gal’ 7 


is called a rate. 


When a ratio is used to compare two different kinds of measure, we 
call it a rate. 


Suppose David’s car travels 574 mi on 16.8 gal of gasoline. Is the gas 
mileage (mpg) of his car better than that of the Toyota Camry above? To 
determine this, it helps to convert the ratio to decimal notation and perhaps 
round. Thus, we have 


574miles — 574 
16.8 gallons 16.8 


mpg ~ 34.167 mpg. 


Since 34.167 > 34, David’s car gets better gas mileage than the Toyota 
Camry does. 


EXAMPLE 1 Abby harvested 8800 bushels of corn from 55 acres. What is 
the rate in bushels per acre? 
8800 
00 bushels _ 8800 bushels _ 160 bushels e 


55 acres 55 acre acre 
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A ratio of distance traveled to time 
is called a speed. What is the rate, 
or speed, in miles per hour? 


1. 45 mi, 9 hr 
2. 120 mi, 10 hr 


What is the rate, or speed, in feet 
per second? 


3. 2200 ft, 2 sec 


AL Sy ii, 3 sae 


ft 
= ft/sec 


5. Babe Ruth. In his baseball 
career, Babe Ruth had 1330 
strikeouts and 714 home runs. 
What was his home-run to 
strikeout rate? 


Data: Major League Baseball 


6. Unit Price of Pasta Sauce. 
Gregory bought a 26-oz jar of 
pasta sauce for $2.79. What 
is the unit price in cents per 


ounce? 
Price 
hit ee = — 
I? Number of units 
_& _ cents 
26 OZ 26 Oz 
-_ cents ule 
26 OZ 
Answers 


1. 5mi/hr, or 5 mph 2. 12 mi/hr, or 
12mph 3. 1100ft/sec 4. 4 ft/sec 


714 : 
» >>>~ home run per strikeout ~ 
1330 


0.537 home run per strikeout 
6. 10.731¢/o0z 


Guided Solutions: 
52 ft 


” 13 sec 
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= 4ft/sec 6. 2.79, 279, 279, 10.731 


EXAMPLE 2 It takes 60 oz of grass seed to seed 3000 sq ft of lawn. What 
is the rate in ounces per square foot? 


600z — 1 wo Oz 


= ne a 
3000sqft 50sqft? sq ft 


EXAMPLE 3 Martina bought 5 lb of organic russet potatoes for $4.99. 
What was the rate in cents per pound? 
$4.99 _ 499 cents 
5 Ib 5 Ib 


= 99.8¢/Ib B 


EXAMPLE 4 JHourly Wage. In 2017, Walmart sales associates earned, 
on average, $408.80 for a 40-hr work week. What was the rate of pay per 
hour? 

Data: payscale.com 


The rate of pay is the ratio of money earned to length of time worked, or 


$408.80 408.80 dollars _ ies dollars $10.22 per h @ 
ji ab ae ee ee 


EXAMPLE 5 Ratio of Strikeouts to Home Runs. In the 2016 baseball 
season, Nelson Cruz of the Seattle Mariners had 159 strikeouts and 43 home 
runs. What was his strikeout to home-run rate? 
Data: Major League Baseball 

159 strikeouts 159 strikeouts 159 


= = fabeau ; 
43homeruns 43 homeruns 43°00 PO 


N 


3.698 strikeouts per home run 


« Do Exercises 1-5. 


1) UNIT PRICING 


UNIT PRICE 


A unit price, or unit rate, is the ratio of price to the number of units. 


EXAMPLE 6 _ Unit Price of Pears. Ruth bought a 15.2-oz can of pears for 
$1.30. What is the unit price in cents per ounce? 


Price 


Unit price = - 
P Number of units 


$1.30 _ 130cents _ 130 cents 


15.2 oz 15.20z 15.2 oz 


8.553 cents per ounce 


N 


< Do Exercise 6. 


Unit prices enable us to do comparison shopping and determine the best 
buy for a product on the basis of price. It is often helpful to change all prices 
to cents so that we can compare unit prices more easily. 


EXAMPLE 7 Unit Price of Salad Dressing. At the request of his cus- 
tomers, Angelo started bottling and selling the rosemary and lemon salad 
dressing that he serves in his café. The dressing is sold in containers of four 
sizes as listed in the table below. Compute the unit price of each size of con- 
tainer and determine which size is the best buy on the basis of unit price alone. 


size | Price | Unit Price | 
100z | $2.49 

a ley Soe ls - wsdl atlantis 

- me? ere Ee eerrater 
32.02 | $6.79 


We compute the unit price of each size and fill in the chart: 


$2.49 249cents _ 249 cents 


10 oz: = = 24.900 : 
8” Woz 100z «10. Brees 
$3.59  359cents _ 359 cents ; 
16 oz: Tae re i oe 22.438¢/0z; 
$4.09 409cents — 409 cents _ ; 
20 02: Men - ten on oe 20.450¢/02z; 
$6.79 679 cents _ 679 cents 
32 oz: ee Sees 21.219¢/oz. 
os 
10 oz $2.49 24.900¢/0z 
160z | $3.59 22.438¢/0z 
20 oz $4.09 20.450¢/0z 
Lowest unit price 
320z | $6.79 21.219¢/0z 


On the basis of unit price alone, we see that the 20-0z container is the 
best buy. 


Do Exercise 7. > 


Although we often think that “bigger is cheaper,” this is not always the 
case, as we see in Example 7. In addition, even when a larger package has a 
lower unit price than a smaller package, it still might not be the best buy for 
you. For example, some of the food in a large package could spoil before it 
is used, or you might not have room to store a large package. 


7. Cost of Mayonnaise. 
Complete the following table 
for Hellmann’s mayonnaise 
sold on an online shopping site. 
Which size has the lowest unit 
price? 


Data: Peapod.com 


8 oz $2.79 

15 oz $3.49 

30 oz $4.99 
Answers 


7. 34.875¢/0z; 23.267¢/0z; 
16.633¢/0z; the 30-oz size has the lowest 
unit price. 
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FOR 
HELP 


/ Check Your Understanding 


Reading Check Determine whether each statement is true or false. 


RC1. A rate is a ratio. 


RC2. It is always less expensive per unit to buy in bulk. 


RC3. The rate $0.50 per mile is a unit rate. 


RC4. The rate $5.99 per 10 oz is a unit rate. 


Concept Check Complete each sentence with the correct quantity from the list at the right, given the following 
information. 


Jason wrote an 8-page essay in 9 hr. 


Keri graded 8 essays in 3 hr. 
CCl. Jason wrote at a rate of ___ pages/hr. a) § 
CC2. Jason wrote at a rate of ___ hr/page. P) 5 
CC3. Keri graded at a rate of __ hr/essay. ; 


CC4. Keri graded at a rate of ___ essays/hr. 


In Exercises 1-4, find each rate, or speed, as a ratio of distance to time. Round to the nearest hundredth where 


appropriate. 

1. 120 km, 3 hr 2. 18 mi, 9 hr 3. 217 mi, 29 sec 4. 443 m, 48 sec 

5. Population Density of Monaco. Monaco is a tiny 6. Population Density of Australia. The continent 
country on the Mediterranean coast of France. It of Australia, with the island state of Tasmania, 
has an area of 0.75 sq mi and a population of 38,499 has an area of 2,967,893 sq mi and a population of 
people. What is the rate of number of people per 24,127,159 people. What is the rate of number of 
square mile? The rate of people per square mile people per square mile? The rate of people per 
is called the population density. Monaco has the square mile is called the population density. Australia 
highest population density of any country in the has one of the lowest population densities in the 
world. world. 
Data: World Bank Data: World Bank 


MONACO 


Tasmania 
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11. 


13. 


15. 


17. 


. Ford F-150: City Driving. A 2017 Ford F-150 8. Honda CR-V: City Driving. A 2017 Honda CR-V 


6-cylinder will travel 212.5 mi on 12.5 gal of gasoline in AWD 1.5L will travel 391.5 mi on 14.5 gal of gasoline in 
city driving. What is the rate in miles per gallon? city driving. What is the rate in miles per gallon? 
Data: fueleconomy.gov Data: fueleconomy.gov 
. Honda CR-V: Highway Driving. A 2017 Honda 10. Ford F-150: Highway Driving. A 2017 Ford F-150 
CR-V AWD 1.5L will travel 643.5 mi on 19.5 gal of 6-cylinder will travel 297 mi on 13.5 gal of gasoline 
gasoline in highway driving. What is the rate in miles in highway driving. What is the rate in miles per 
per gallon? gallon? 
Data: fueleconomy.gov Data: fueleconomy.gov 
A car is driven 500 mi in 20 hr. What is the rate in 12. A student eats 3 hamburgers in 15 min. What is 
miles per hour? in hours per mile? the rate in hamburgers per minute? in minutes per 
hamburger? 
Broadway Musicals. In the 17 years from 1987 14. Employment Growth. In the 10 years from 2014 
through 2003, the musical Les Misérables was per- to 2024, the number of jobs for physical therapist 
formed on Broadway 6680 times. What was the assistants is expected to grow by 51,400. What is the 
average rate of performances per year? expected average rate of growth in jobs per year? 
Data: broadwaymusicalhome.com Data: U.S. Bureau of Labor Statistics 
Le 
Speed of Light. Light travels 186,000 mi in 1 sec. 16. Speed of Sound. Sound travels 1100 ft in 1 sec. What 
What is its rate, or speed, in miles per second? is its rate, or speed, in feet per second? 
Data: The Handy Science Answer Book Data: The Handy Science Answer Book 
Impulses in nerve fibers travel 310 km in 2.5 hr. What 18. A black racer snake can travel 4.6 km in 2 hr. What is 
is the rate, or speed, in kilometers per hour? its rate, or speed, in kilometers per hour? 
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19. Lawn Watering. Watering a lawn adequately 
requires 623 gal of water for every 1000 ft. What is the 
rate in gallons per square foot? 


21. Elephant Heart Rate. The heart of an elephant, at 
rest, beats an average of 1500 beats in 60 min. What is 
the rate in beats per minute? 


Data: The Handy Science Answer Book 


20. A car is driven 200 km on 40 L of gasoline. What is the 
rate in kilometers per liter? 


22. Human Heart Rate. The heart of a human, at rest, 
beats an average of 4200 beats in 60 min. What is the 
rate in beats per minute? 


Data: The Handy Science Answer Book 


b Find each unit price in Exercises 23-30. Then, in each exercise, determine which size is the better buy based on unit 


price alone. 


23. Hidden Valley Ranch Dressing. 


size | rice | UnitFrice 


25. Cascade Powder Detergent. 


size | rice | unitPrce | 


45 oz $5.90 


75 OZ $8.59 


27. Jif Creamy Peanut Butter. 


[size [Price | UnitPrice 


18 oz $3.28 


28 oz $4.89 


29. Campbell’s Condensed Tomato Soup. 


10.7 oz $1.09 
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24. Miracle Whip. 


size [rie | Unitrie | 


32 oz $5.29 
48 oz $8.29 


26. Bush’s Homestyle Baked Beans. 


Tsise | rice | Unit rce_| 


16 oz $2.99 


28 Oz $4.51 


28. Hills Brothers Coffee. 


sine | ice [Unit Price 


26 oz $9.99 


39 oz $14.99 


30. Nabisco Saltines. 


16 oz $3.59 
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Find the unit price of each brand in Exercises 31-34. Then, in each exercise, determine which brand is the better buy based 
on unit price alone. 


31. Vanilla Ice Cream. 32. Orange Juice. 
Parand | size | Price Parand | sce | Price 
B 32 oz $5.99 M 54 oz $4.79 
E 48 oz $6.99 T 59 oz $5.99 
33. Tomato Ketchup. 34. Yellow Mustard. 
Parand | size | rice Parand | size | Price 
A 24 oz $2.49 F 140z | $1.29 
B 36 oz $3.29 G 190z | $1.99 
H 46 oz $3.69 P 20 oz $2.49 


DUI UML PUNE NN ig ccccczay cee cpdcaess caer enhances anteversion east entender 
Multiply. Simplify, if possible. 


35. 25 X 462 [1.4a] 36. 8.4 X 80.892 [4.3a] 37. 0.01 X 274.568 [4.3a] 
50 6 4 1 1 01 
38. O° [2.6a] 39. ne [3.6a] 40. 470 33 [3.6a] 


Divide. Simplify, if possible. 


41. 4000 + 32 [1.5a] 42.95+10 [4.4a] 43. 80.892 + 84 [44a] 
0.5 ye 61 
44. >= = [2-70] 45. 200+ 15 [3.6b] 46. 45+ 7 [3.6] 


POTN NGS YS saccades tepesichondheendeisoe a vincicheseesars mo beauote ue i tne dona bulges las eap oad eteted Amines 


47. Manufacturers sometimes change the sizes of their 
containers in such a way that the consumer thinks 
the price of a product has been lowered when, in 
reality, a higher unit price is being charged. 
Some aluminum juice cans are now concave 
(curved in) on the bottom. Suppose the volume of the 
can in the figure has been reduced from 6 fl oz to 5.5 fl oz, 
and the price of each can has been reduced from 65¢ to 60¢. 
Find the unit price of each container in cents per ounce. 
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Proportions 


5.3 


OBJECTIVES 


a Determine whether two pairs 
of numbers are proportional. 


b Solve proportions. 


(@) PROPORTIONS 


Use the test for equality to determine whether two fractions name the 
same number. {2.5c] 


Use = or # for (J to write a true sentence. 


ene 2, = 02 


MyLab Math 
VIDEO 


When two pairs of numbers, such as 3, 2 and 6, 4, have the same ratio, we say 
that they are proportional. The equation 


Answers: 1.= 2. 4 


states that the pairs 3, 2 and 6, 4 are proportional. Such an equation is called 
a proportion. We sometimes read 3 = $ as “3 is to 2 as 6 is to 4.” 

Since ratios can be written using fraction notation, we can use the test for 
equality of fractions to determine whether two ratios are the same. 


A TEST FOR EQUALITY OF FRACTIONS 


Two fractions are equal if their cross products are equal. 


EXAMPLE 1 Determine whether 1, 2 and 3, 6 are proportional. 
We can use cross products. 


9 
Determine whether the two pairs of oy | > aes 
numbers are proportional. eso 2 = 6 2°32 =6 
1. 3,4 and 6, 8 ; i- 4 
Since the cross products are the same, 6 = 6, we know that 5 = {, so the 
2. 1,4 and 10, 39 numbers are proportional. i) 
EXAMPLE 2 Determine whether 2, 5 and 4, 7 are proportional. 
3. 1,2 and 20, 39 rcs Ww 
e can use cross products. 
We compare cross products. c 
1- = 1, 20 ——_~ 
Oe = a 36 2°7= 14 5.7 5-4 = 20 
Since 39 # 40, the numbers . 
proportional. Since the cross products are not the same, 14 # 20, we know that 2 # 5, so 
PRESTR the numbers are not proportional. 
< Do Exercises 1-3. 
Answers 
1. Yes 2. No 3. No 
Guided Solution: 


3. 39, 39, 20, 40; are not 
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EXAMPLE 3 Determine whether 3.2, 4.8 and 0.16, 0.24 are proportional. 
We can use cross products. 
? 
3.2 — 0.16 


, 
3.2 X 0.24 = 0.768 — = 


= —— 4.8 X 0.16 = 0.768 
48 0.24 


Since the cross products are the same, 0.768 = 0.768, we know that 3 = $39, 
so the numbers are proportional. 


Do Exercises 4 and 5. D> 


EXAMPLE 4 Determine whether 43, 55 and 84, 163 are proportional. 
We can use cross products: 


al eS 43° 85 le ian ee 
3° 3 3 3 Gy 2°8 2 8 
_ 686 ad 
9 16 
2 13 
= 765; = 487. 


Since the cross products are not the same, 765 # 48 ie we know that the 
numbers are not proportional. 


Do Exercise 6. > 


1) SOLVING PROPORTIONS 


One way to solve a proportion is to use cross products. Then we can divide 
on both sides to get the variable alone. 


4 
EXAMPLE 5 Solve the proportion == 


6" 
ees 
3 6 
x:6 = 3-4 Equating cross products (finding cross products 
and setting them equal) 
x°6  3°4 oe ; 
— = = Dividing by 6 on both sides 
3-4 12 
— a a ie) 
“6 6 


We can check that 2 is the solution by replacing x with 2 and finding cross 
products: 


9 
<< ~fnugi 
2°6 = 12 pia, 2'°4= 12. 
Spe 
Since the cross products are the same, it follows that {= % Thus, the 
pairs of numbers 2, 3 and 4, 6 are proportional, and 2 is the solution of the 
proportion. 


Do Exercise 7. > 


Determine whether the two pairs of 
numbers are proportional. 


4. 6.4, 12.8 and 5.3, 10.6 


5. 6.8, 7.4 and 3.4, 4.2 


6. Determine whether 4%, 55 and 
14, 165 are proportional. 


Answers 
4. Yes 5. No 6 Yes 7. 14 
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8. Solve: = °. Write a mixed res 


numeral for the answer. 


ces 
9 4 
xe 4 = 9 a 
sod) Yo) 
n 
9. Sol >=. 
olve 55 
10. Solve: & = » Write decimal 
x 11 


notation for the answer. 


Answers 
8. 113 9.10.5 10. 2.64 


Guided Solution: 
8. 5,4, 4, 45, 11,1 
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SOLVING PROPORTIONS 


Cc 


d 


x nd ; 
To solve — = — for x, equate cross products and divide on both sides 
a 


to get x alone. 


EXAMPLE 6 Solve: 


x. oO : : 
7 = 3" Write a mixed numeral for the answer. 


Equating cross products 


Dividing by 3 


35 2 
3 zor, 


The solution is 11 3. 
<@ Do Exercise 8. 
77 y 


EXAMPLE 7 Solve: ea ae 


Id, a 
154 2.2 
7.7X2.2 = 154 xX y 


77X22 15.4 x 
= d Dividing by 15.4 


Equating cross products 


15.4 15.4 
TROD 
15.40 
16.94 fee 
154 = Multiplying 
ll=y Dividing: 15.4)16.94 
The solution is 1.1. @ 


8 ) 
EXAMPLE 8 Solve: — oo Write decimal notation for the answer. 


a 
x 3 
8-3 =x-5 Equating cross products 
8-3 pose 
a =x Dividing by 5 
24 or 
5 =x Multiplying 
48 =x Dividing: 5)24 


The solution is 4.8. 
< Do Exercises 9 and 10. 


EXAMPLE 9 


3.4 
4.93 
3.4 Xn 
34 Xn 


3.4 
Solve: —~ = 


4.93 
10 
on 

= 4.93 x 10 

_ 4.93 x 10 


3.4 


n 


n 


The solution is 


EXAMPLE 10 


Ra Pere 


x= 


The solution is 


3.4 
4.93 x 10 
3.4 
49.3 
34 
= 145 


14.5. 


Solve: — = 


1 
= or 165 


33 1 
3, OF 16 7 


Equating cross products 


Dividing by 3.4 
Multiplying 
Dividing 
04 48 
11. Solve: —~ = —. 
Do Exercise 11. D> nove 0.9 t 
Les 
Equating cross products 
Converting to fraction notation 
14 
Dividing by 5 
Multiplying by the reciprocal of the divisor 
Simplifying by removing a factor 
fl 14 
re) — = 
14 
12. Solve: 
83 105 
Do Exercise 12. > x 330 
Answers 


SECTION 5.3 Proportions 
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a 


1. 


5. 


FOR 
EXTRA @ MyLab Math 
HELP 


/ Check Your Understanding 
Reading Check Complete each statement with the appropriate word from the following list. 
cross products proportion proportional ratio 


RC1. The quotient of two quantities is their 


RC2. Two pairs of numbers that have the same ratio are 


RC3. A states that two pairs of numbers have the same ratio. 


Boe) 
RC4. For the equation oe y the are 2y and 3x. 


Concept Check Fill in the blank to make each statement correct. 


i 8 
CC1. The equation A lp states that the pairs 1, 2 and are proportional. 


3 3 
CC2. The equation a ce states that the pairs __________ and 0.3, 1 are proportional. 


4 
CC3. The pairs 4, 6 and 10, 15 are proportional. This means that g = —, 


CC4. The pairs 3, 5 and 0.9, 1.5 are proportional. This means that ce =—, 


il 2 
CCS. The pairs 39 and 3, 2 are proportional. This means that = = >: 
9 


Determine whether the two pairs of numbers are proportional. 
5, 6 and 7,9 2. 7,5 and 6, 4 3. 1,2 and 10, 20 4. 7,3 and 21,9 
1.1 1 4 11 
2.4, 3.6 and 1.8, 2.7 6. 4.5, 3.8 and 6.7, 5.2 7. 5~,8— and 22,9 8. 2-,3= and 14, 21 
3° 4 5’ 2 3° 2 
Solve 
BG. i= iS! eas 
4 10 "a5 25 "8 6 "10 3 
ae me ee Zo 
12 6 "4 3 “5 on "6 x 
n 10 2 x 16 24 8 20 
/ ES 18. — = — = . = 
15-30 4 24 36 a 12 x “ 12 x 
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8 _ 32 93, 20 _ 80 u, 389 
9 on " 7 xy "oy 5 

"20° 15 "139 at. 4S 
a5 7 ee: ee 
125 m “yp «5 yo 
x_1 aaa 2-2 
6 6 "2° x “5 x 
x _71 39 ce) 40 a 

et ne "24° y “y 45 
0.12 ¢ 43. O5 _ 2.5 44 6.3 _ 0.7 
0.04 0.32 “on 35 "09 on 
10.4 6.76 poe eae: 4s 5.3 
12.4 t a: Lx 
1 1 y 7 3 y 
4 2 _ 12 So 
a ) 52.53 
2 5 15 4 2 
1 x 21 356} 
St a ee. 2 Xx 2; 2 
7 45 a a ao eS ae 

3 4 3 
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57. 


Skill Maintenance 
59. 


61. 


63. 


65. 


Synthesis 


69. 


306 <= CHAPTERS 


1 
35 oy 


w 


od 1 
6% a 


Golf Courses. The number of golf courses in the 
United States has declined steadily since its peak in the 
early 2000s. In 2015, there were 15,372 golf courses in 
the United States. This was 680 fewer courses than the 
peak number. What was the peak number of golf 
courses in the United States? [1.8a] 


Data: espn.com 


Mariah bought } lb of cheese at the city market and 
gave 5 lb of it to Lindsay. How much cheese did 
Mariah have left? [3.3d] 


Rocky is 187 5 cm tall and his daughter is 1803 cm tall. 
How much taller is Rocky? [3.5c] 


Expense Needs. Aaron has $34.97 to spend on 
a book that costs $49.95, a cap that costs $14.88, 
and a sweatshirt that costs $29.95. How much 
more money does Aaron need to make these 
purchases? [4.7a| 


Solve. 


1728 _ 836.4 


5648 x 


Strikeouts per Home Run. 


58. 


60. 


62. 


64. 


66. 


68. 


15228 

- 2 
Bird Feeders. After Raena poured a 4-lb bag 
of birdseed into her new bird feeder, the feeder was 
< full. How much seed does the feeder hold when 
[2.7d] 


it is full? 


David bought 3 Ib of fudge and gave 5 of it to Chris. 
How much fudge did he give to Chris? [2.6b] 


A serving of fish steak (cross section) is generally 5 lb. 


How many servings can be prepared from a cleaned 
183-Ib tuna? [3.6c] 


Gas Mileage. Joanna filled her van’s gas tank and 
noted that the odometer read 42,598.2. After the next 
fill-up, the odometer read 42,912.1. It took 14.6 gal to 
fill the tank. How many miles per gallon did the van 
get? [4.7a] 


328.56 oy 
627.48 127.66 


Baseball Hall-of-Famer Babe Ruth had 1330 strikeouts and 714 home runs in his career. 


Hall-of-Famer Mike Schmidt had 1883 strikeouts and 548 home runs in his career. Find the rate of strikeouts per home 
run for each player. (These rates were considered among the highest in the history of the game and yet each player was 


voted into the Hall of Fame.) 


Ratio and Proportion 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


2. Arateisaratio. [5.2a| 


4. If = - then xy = ts. [5.3b] 


Guided Solutions 


pcs) 5. What is the rate, or speed, in miles per hour? [5.2] 


120 mi, 2 hr 
120 120 
aie ees mi/hr 

ew 8 

. Solve: — = = : 

6. Solve rae [5.3b] 
o_8 
4 6 
Xe = 03} Equating cross products 
6 4-3 
Z = —— Dividing on both sides 

L = Simplifying 


Mixed Review 
Find fraction notation for each ratio. 


7. 4to7 


[5.1a] 
8. 313 to 199 


Find the ratio of the first number to the second and simplify. 


11. 8to 12 1, 25 © 7 


15y 1 2toS6 16. 15 to3 


1. A ratio can be written in fraction notation or in colon notation. 


3. The largest size package of an item always has the lowest unit price. 


[5.1a] 


[5.2b] 


9, 35 to 17 10. 59 to 101 
[5.1b] 

13. 32 to 28 14. 100 to 76 

17. 2.41084 18. 0.27 to 0.45 


Mid-Chapter Review: Chapter 5 307 


Find each rate, or speed, as a ratio of distance to time. Round to the nearest hundredth where appropriate. 
19. 243 mi, 4 hr 


2b 


25. 


Determine whether the two pairs of numbers are proportional. 


20. 146 km, 3 hr 


Record Snowfall. The greatest recorded snowfall in 
a single storm occurred in the Mt. Shasta Ski Bowl in 
California, when 189 in. fell during a seven-day storm 
in 1959, What is the rate in inches per day? [5.2a] 


Data: U.S. Army Corps of Engineers 


Jerome bought an 18-oz jar of grape jelly for $2.09. 
What is the unit price in cents per ounce? = [5.2b] 


Mb BV aul IS, 35 28. 9,7 and 7,5 
Solve. [5.3b] 
i, === eee 
15: 2 20 24 9s 
ved 0.24 =y 
oP Ae = Es 


Understanding Through Discussion and Writing 
39. 


41. 


308 CHAPTER 5 


Can every ratio be written as the ratio of some 
number to 1? Why or why not? [5.1a| 


Instead of equating cross products, a student solves 


5 
. = by multiplying on both sides by the least 


common denominator, 21. Is his approach a good one? 
Why or why not? = [5.3b] 


Ratio and Proportion 


21. 


24. 


[5.2a] 


65 m, 5 sec pd, Of iti, © SBC 


Free Throws. During the 2016-2017 NBA basketball 
season, Isaiah Thomas of the Boston Celtics attempted 
649 free throws and made 590 of them. What is the 
rate in number of free throws made to number 

of free throws attempted? Round to the nearest 
thousandth. [5.2a] 


Data: National Basketball Association 


26. Martha bought 12 oz of deli honey ham for $5.99. 
What is the unit price in cents per ounce? = [5.2b] 
[5.3a] 
Sell eee, 
29. 2.4, 1.5 and 3.2, 2.1 30. 17, 15 and 87 65 
$302 a 34, 2 = 
~y ~ 15 oe, 
37 ils 38 pie 
ae 1 : 3h x 


40. 


42. 


What can be concluded about a rectangle’s width if 
the ratio of length to perimeter is 1 to 3? Make some 
sketches and explain your reasoning. [5.1a, b] 


An instructor predicts that a student’s test grade will 
be proportional to the amount of time the student 
spends studying. What is meant by this? Write an 
example of a proportion that represents the grades of 
two students and their study times. [5.3b] 
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STUDYING FORSUCCESS Applications 


(| If you find applied problems challenging, don’t give up! Your skill will improve with each problem 
you solve. 


{-] Make applications real! Look in newspapers and magazines for applications of the math you are studying. 


Applications of Proportions 
5.4 


a APPLICATIONS AND PROBLEM SOLVING 
OBJECTIVE 


Proportions have applications in such diverse fields as business, chemistry, = rere 
health sciences, and home economics, as well as in many areas of daily life. a Solve applied problems 
Proportions are useful in making predictions. involving proportions. 


EXAMPLE 1 Predicting Total Distance. Donna drives her delivery van 
800 mi in 3 days. At this rate, how far will she drive in 15 days? 


1. Familiarize. We let d = the distance traveled in 15 days. 


2. Translate. We translate to a proportion. We make each side the ratio Solve equations of the type 
of distance to time, with distance in the numerator and time in the a:-x = b, where aand b may 
denominator. be in decimal notation. _[4.4b] 
Solve. 


Distance in 15 days—> d _ 800 <~ Distance in 3 days 


Time >15 3 <~Time ik Ie ws = Ider 


2. 0.3 X w = 1.68 X 0.4 


It may help to verbalize the proportion above as “the unknown distance Pee en er 


d is to 15 days as the known distance 800 mi is to 3 days.” 
3. Solve. Next, we solve the proportion: vere 


d-3 = 15-800 Equating cross products 


d-3 _ 15-800 
37 = 3 Dividing by 3 on both sides 
_ 15-800 
3 
= 4000. Multiplying and dividing 
4. Check. We substitute into the proportion and check cross products: 
4000 _ 800. 
15 3° 1. Burning Calories. The 
4000-3 = 12.000: 15-800 = 12.000 readout on Mary’s treadmill 
~ ee indicates that she burns 108 
The cross products are the same. calories when she walks for 
: : rac 24 min. How many calories 
: . D I 400 1 : y 
5. State onna will drive 4000 mi in 15 days alse eaaeie awe Gt 
Do Exercise 1. DB the same rate for 30 min? 
Problems involving proportions can be translated in more than one way. 
For Example 1, any one of the following is also a correct translation: 
Is: 3 IS od 800 3 
d 800’ 3 ~—- 800’ d 15° 
Equating the cross products in each proportion gives us the equation 
d-3 = 15-800, which is the equation we obtained in Example 1. “ 
nswer 


1. 135 calories 
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2. Determining Paint Needs. rcs 
Lowell and Chris run a painting 
company during the summer to 
pay for their college expenses. 

They can paint 1600 ft? of clap- 
board with 4 gal of paint. How 
much paint would be needed 
for a building with 6000 ft of 
clapboard? 
1. Familiarize. Let p = the 
amount of paint needed, in 
gallons. 
2. Translate. 
4 sy 
1600 
3. Solve. 
4-6000 = 1600- 
SP 
4. Check. The cross products 
are the same. 
5. State. For 6000 ft”, they 


would need gal of 
paint. 


Answer 
2. 15 gal 
Guided Solution: 


Pp 
cites 
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EXAMPLE 2 Recommended Dosage. To control a fever, a doctor sug- 
gests that a child who weighs 28 kg be given 320 mg of a liquid pain reliever. 
If the dosage is proportional to the child’s weight, how much of the medica- 
tion is recommended for a child who weighs 35 kg? 


1. Familiarize. We let t= the number of milligrams of the liquid pain 
reliever recommended for a child who weighs 35 kg. 


2. Translate. We translate to a proportion, keeping the amount of medi- 
cation in the numerators. 


Medication suggested —> 320 _ t <— Medication suggested 
Child’s weight —> 28 35 <— Child’s weight 


3. Solve. Next, we solve the proportion: 


320°35 = 28:1 Equating cross products 


a Ty ee eT 

78 78 ividing by 28 on both sides 
320-35 _ ; 

28 

400 =. Multiplying and dividing 
4. Check. We substitute into the proportion and check cross products: 

320 _ 400. 
28 aa 


320+35 = 11,200; 28 +400 = 11,200. 
The cross products are the same. 
5. State. The dosage for a child who weighs 35 kg is 400 mg. 


<@ Do Exercise 2. 


EXAMPLE 3 Purchasing Tickets. Carey bought 8 tickets to an interna- 
tional food festival for $52. How many tickets could she purchase with $90? 


1. Familiarize. We let n = the number of tickets that can be purchased 
with $90. 


2. Translate. We translate to a proportion, keeping the number of tickets 
in the numerators. 


Tickets —> 8 n <— Tickets 


Cost —> 52 ~ 90 <— Cost 


3. Solve. Next, we solve the proportion: 


52-n = 8-90 Equating cross products 


Sn py aaianny Sy pn laas 
52.52 
8-90 
a a 


n = 13.8. Multiplying and dividing 


Because it is impossible to buy a fractional part of a ticket, we must round 
our answer down to 13. 


4. Check. As a check, we use a different approach: We find the cost 
per ticket and then divide $90 by that price. Since 52 + 8 = 6.50 and 
90 + 6.50 ~ 13.8, we have a check. 


5. State. Carey could purchase 13 tickets with $90. 


Do Exercise 3. > 


EXAMPLE 4 Waist-to-Hip Ratio. To reduce the risk of heart disease, 
it is recommended that a man’s waist-to-hip ratio be 0.9 or lower. Mac’s hip 
measurement is 40 in. To meet the recommendation, what should his waist 
measurement be? 

Data: Mayo Clinic 


Waist measurement is 

the smallest measurement 
below the ribs but above 
the navel. 


— Hip measurement is the 
largest measurement 
around the widest part 
of the buttocks. 


Sy 


9 
1. Familiarize. Note that 0.9 = 10 We let w = Mac’s waist 
measurement. 


2. Translate. We translate to a proportion as follows. 


Waist measurement > w 9 Recommended 
Hip measurement > 40 10 waist-to-hip ratio 


3. Solve. Next, we solve the proportion: 


w-10 = 40-9 Equating cross products 


wi 2 Spade wy iden bates 
10 10 
40-9 
e 10- 
w = 36. Multiplying and dividing 


SECTION 5.4 


3. Purchasing Shirts. If 2 shirts 


can be bought for $47, how 
many shirts can be bought 
with $200? 


Answer 
3. 8 shirts 


Applications of Proportions 


311 


4. Waist-to-Hip Ratio. It is 
recommended that a woman’s 
waist-to-hip ratio be 0.85 or 
lower. Martina’s hip measure- 
ment is 40 in. To meet the 
recommendation, what should 
her waist measurement be? 


Data: Mayo Clinic 


5. Construction Plans. In 
Example 5, the length of the 
actual deck is 28.5 ft. What is 
the length of the deck on the 
blueprint? 


Answers 
4, 34in. orless 5. 9.5 in. 
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4. Check. As a check, we divide 36 by 40: 36 + 40 = 0.9. This is the 
desired ratio. 


5. State. Mac’s recommended waist measurement is 36 in. or less. 


<@ Do Exercise 4. 


EXAMPLE 5 Construction Plans. Architects make blueprints for 
construction projects. These are scale drawings in which lengths are in pro- 
portion to actual sizes. The Hennesseys are adding a rectangular deck to 
their house. The architect’s blueprint is rendered such that j in. on the draw- 
ing is actually 2.25 ft on the deck. The width of the deck on the drawing is 
4.3 in. How wide is the deck in reality? 


1. Familiarize. We let w = the width of the deck. 

2. Translate. Then we translate to a proportion, using 0.75 for in. 
Measure on drawing —> 0.75 = 4.3 <— Width on drawing 
Measure on deck — 2.25 w <— Width on deck 

3. Solve. Next, we solve the proportion: 


0.75 X w = 2.25 X 4.3 Equating cross products 


075 Xw 2.25 x 43 
w= Dividing by 0.75 on both sides 


O75 0.75 
_ 2.25 X 43 
0.75 
w = 12.9. 
4. Check. We substitute into the proportion and check cross products: 
Oy. Ad. 
225 129 


0.75 X 12.9 = 9.675; 2.25 X 4.3 = 9.675. 


The cross products are the same. 
5. State. The width of the deck is 12.9 ft. 


< Do Exercise 5. 


EXAMPLE 6 Estimating a Wildlife Population. Scientists often use 
proportions to estimate the size of a wildlife population. They begin by col- 
lecting and marking, or tagging, a portion of the population. This tagged 
sample is released and mingles with the entire population. At a later date, 
the scientists collect a second sample from the population. The proportion 
of tagged individuals in the second sample is estimated to be the same as the 
proportion of tagged individuals in the entire population. 

The marking can be done by using actual tags or by identifying individu- 
als in other ways. For example, marine biologists can identify an individual 
whale by the patterns on its tail. Recently, scientists have begun using DNA 
to identify individuals in populations. For example, to identify individual 
bears in the grizzly bear population of the Northern Continental Divide eco- 
system in Montana, geneticists use DNA from fur samples left on branches 
near the bears’ feeding areas. 

In one recent large-scale study in this ecosystem, biologists identified 
545 individual grizzly bears. If later a sample of 30 bears contains 25 of the 
previously identified individuals, estimate the total number of bears in the 
ecosystem. 

Data: Northern Divide Grizzly Bear Project 


1. Familiarize. We let B = the total number of bears in the ecosystem. 
We assume that the ratio of the number of identified bears to the total 
number of bears in the ecosystem is the same as the ratio of the number 
of identified bears in the later sample to the total number of bears in the 
later sample. 


2. Translate. We translate to a proportion as follows. 


Identified bears —> 545, _ 25 <— Identified bears in sample 
Total number of bears > B 30 <— Number of bears in sample 
3. Solve. 
545-30 = B+25 
545+30  B+25 
25 25 
545°30 _ 
25 
654 = B. 


Next, we solve the proportion: 


Equating cross products 


Dividing by 25 on both sides 


Multiplying and dividing 

4. Check. We substitute into the proportion and check cross products: 
es 
654 30’ 
545-30 = 16,350; 654°25 = 16,350. 

The cross products are the same. 


5. State. We estimate that there are 654 bears in the ecosystem. 


Do Exercise 6. > 


SECTION 5.4 


pcs) 6. Estimating a Deer Population. 
To determine the number of 
deer in a forest, a conservationist 
catches 153 deer, tags them, and 
releases them. Later, 62 deer 
are caught, and it is found that 
18 of them are tagged. Estimate 
how many deer are in the 


forest. 

1. Familiarize. Let D = the 
number of deer in the 
forest. 

2. Translate. 

153 _ 
— 
3. Solve. 
153-62 = D- 
=D 
4. Check. The cross products 


. State. 


are the same. 


There are about 
deer in the forest. 


Answer 
6. 527 deer 
Guided Solution: 


18 
6. —; 18, 527; 527 
6” ; 
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Translating 
for Success 


1. Calories in Cereal. There 6. Electric Bill. Last month 


are 140 calories in a 1}-cup 
serving of Brand A cereal. 
How many calories are there 
in 6 cups of the cereal? 


. Calories in Cereal. There 
are 140 calories in 6 cups of 
Brand B cereal. How many 
calories are there in a 14-cup 
serving of the cereal? 


. Gallons of Gasoline. 
Jared’s SUV traveled 310 mi 
on 15.5 gal of gasoline. At 
this rate, how many gallons 
would be needed to travel 
465 mi? 


. Gallons of Gasoline. 
Elizabeth’s fuel-efficient car 
traveled 465 mi on 15.5 gal 
of gasoline. At this rate, how 
many gallons will be needed 
to travel 310 mi? 


. Perimeter. What is the 
perimeter of a rectangular 
field that measures 83.7 m by 
62.4 m? 


The goal of these matching questions 


is to practice step (2), Translate, of 


the five-step problem-solving process. 


Translate each word problem to an 


equation and select a correct translation 


from equations A-0. 
310 _ 465 


M55 = x 


. 180 = 15 +x 


- 14-7 — x 


. x = 83.7 + 62.4 


x = 2(83.7 + 62.4) 


465 _ 310 


ns x 
» oe = BL oG2Al 


M. x = 180 + 14 
N. 


O. x = 13 + 180 


Answers on page A-8 


Todd’s electric bills for his 
two rental properties were 
$83.70 and $62.40. What was 
the total electric bill for the 
two properties? 


. Package Tape. A postal 


service center uses rolls of 
package tape that each con- 
tain 180 ft of tape. If it takes 
an average of 13 ft of tape per 
package, how many pack- 
ages can be taped with one 
roll? 


. Online Price. Jane spent 


$180 buying an area rug ina 
department store. Later, she 
saw the same rug for sale 
online and realized she had 
paid 14 times the online 
price. What was the online 
price? 


. Heights of Sons. Henry’s 


three sons play basketball on 
three different college teams. 
Jeff’s, Jason’s, and Jared’s 
heights are 74 in., 71 i in., and 
76+ in., respectively. How 
much taller is Jared than 
Jason? 


. Area of a Lot. Bradley 


bought a lot that measured 
74 yd by 71% yd. What was the 
area of the lot? 


v Check Your Understanding 


Reading Check and Concept Check Complete each proportion to form a correct translation of the following 
problem. 


Christy ran 4 marathons in the first 6 months of the year. At this rate, how many marathons will she 
run in the first 8 months of the year? Let m = the number of marathons she will run in 8 months. 


4 4 
nei), == L rc, 2=/ RC. = = rca, “ = 
[| 4 m 


UW 


6 4 


a Solve. 


1. Study Time and Test Grades. An English instructor 2. Study Time and Test Grades. A mathematics 


asserted that students’ test grades are directly 
proportional to the amount of time spent studying. 
Lisa studies for 9 hr for a particular test and gets a 
score of 75. At this rate, for how many hours would 
she have had to study to get a score of 92? 


. Movies. If The Hobbit: An Unexpected Journey is 
played at the rate preferred by director Peter Jackson, 
a moviegoer sees 600 frames in 12 5 sec. How many 
frames does a moviegoer see in 160 sec? 


instructor asserted that students’ test grades are 
directly proportional to the amount of time spent 
studying. Brent studies for 15 hr for a final exam and 
gets a score of 75. At this rate, what score would he 
have received if he had studied for 18 hr? 


. Sugaring. When 20 gal of maple sap are boiled 


down, the result is } gal of maple syrup. How much sap 
is needed to produce 9 gal of syrup? 


Data: University of Maine 


. Gas Mileage. A 2017 Ford Mustang 8-cylinder with 

an automatic transmission will travel 372 mi on 15.5 gal 

of gasoline in highway driving. 

a) How many gallons of gasoline will it take to drive 
2690 mi from Boston to Phoenix? 

b) How far can the car be driven on 140 gal of 
gasoline? 


Data: fueleconomy.gov 


. Gas Mileage. A 2017 Honda Accord 2.4L with an 


automatic transmission will travel 594 mi on 16.5 gal of 

premium gasoline in highway driving. 

a) How many gallons of gasoline will it take to drive 
1650 mi from Pittsburgh to Albuquerque? 

b) How far can the car be driven on 130 gal of 
gasoline? 


Data: fueleconomy.gov 
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7. Overweight Americans. A recent study determined 


that of every 100 American adults, 71 are overweight 
or obese. It is estimated that the U.S. population will 
be about 359 million in 2030. At the given rate, how 
many Americans will be considered overweight or 
obese in 2030? 


Data: newsweek.com; census.gov 


. Quality Control. A quality-control inspector 
examined 100 lightbulbs and found 7 of them to be 
defective. At this rate, how many defective bulbs will 
there be in a lot of 2500? 


11. Recommended Dosage. ‘To control an infection, 
Dr. Okeke prescribes a dosage of 200 mg of Rocephin 
every 8 hr for an infant weighing 15.4 lb. At this rate, 
what would the dosage be for an infant weighing 

20.2 Ib? 


13. Painting. Fred uses 3 gal of paint to cover 1275 ft? of 


siding. How much siding can Fred paint with 7 gal of 
paint? 


15. Publishing. Every 6 pages of an author’s 


manuscript correspond to 5 published pages. How 
many published pages will a 540-page manuscript 
become? 


Ratio and Proportion 


10. 


12. 


14. 


16. 


. Prevalence of Diabetes. A recent study determined 


that of every 1000 Americans age 65 or older, 252 
have been diagnosed with diabetes. It is estimated 
that there will be about 75 million Americans in this 
age group in 2030. At the given rate, how many in 
this age group will be diagnosed with diabetes in 
2030? 


Data: American Diabetes Association 


Grading. A high school math teacher must grade 
32 reports on famous mathematicians. She can grade 
4 reports in 90 min. At this rate, how long will it take 
her to grade all 32 reports? 


Metallurgy. In Ethan’s white gold ring, the ratio of 
nickel to gold is 3 to 13. If the ring contains 4.16 oz of 
gold, how much nickel does it contain? 


Waterproofing. Bonnie can waterproof 450 ft? of 
decking with 2 gal of sealant. How many gallons of the 
sealant should Bonnie buy for a 1200-ft? deck? 


Turkey Servings. An 8-lb turkey breast contains 36 
servings of meat. How many pounds of turkey breast 
would be needed for 54 servings? 
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17. Mileage. 


19. 


Jean bought a new car. In the first 
8 months, it was driven 9000 mi. At this rate, how 
many miles will the car be driven in 1 year? 


Cap’n Crunch’s Peanut Butter Crunch® Cereal. The 
nutritional chart on the side of a box of Quaker Cap’n 
Crunch’s Peanut Butter Crunch® cereal states that 
there are 110 calories in a 3-cup serving. How many 
calories are there in 6 cups of the cereal? 


18. Coffee Production. 


20. 


Coffee beans from 18 trees 
are required to produce enough coffee each year 
for a person who drinks 2 cups of coffee per day. 
Firefighters at the Sugar Creek Station brew 15 cups 
of coffee each day. How many coffee trees are 
required for this each year? 


Rice Krispies® Cereal. The nutritional chart on the 
side of a box of Kellogg’s Rice Krispies® cereal states 
that there are 130 calories in a 1}-cup serving. How 
many calories are there in 5 cups of the cereal? 


21. 


23. 


25. 


Lefties. Ina class of 40 students, on average, 

6 will be left-handed. If a class includes 9 “lefties,” 
how many students would you estimate are in the 
class? 


Painting. Helen can paint 950 ft” with 2 gal of paint. 
How many 1-gal cans does she need in order to paint 
a 30,000-ft? wall? 


Gasoline Mileage. Nancy’s van traveled 84 mi on 
6.5 gal of gasoline. At this rate, how many gallons 
would be needed to travel 126 mi? 


22. 


24. 


26. 


Class Size. A college advertises that its student-to- 
faculty ratio is 27 to 2. If 81 students register for 
Introductory Spanish, how many sections of the 
course would you expect to see offered? 


Snow to Water. Under typical conditions, 1 5 ft of 
snow will melt to 2 in. of water. How many inches of 
water will result when 55 ft of snow melts? 


Bicycling. Roy bicycled 234 mi in 14 days. At this 
rate, how far would Roy bicycle in 42 days? 
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27. 


29. 


31. 


33. 
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Grass-Seed Coverage. It takes 60 oz of grass seed to 
seed 3000 ft” of lawn. At this rate, how much would be 
needed for 5000 ft? of lawn? 


Estimating a Whale Population. To determine the 


number of humpback whales in a population, a marine 
biologist, using tail markings, identifies 27 individual 
whales. Several weeks later, 40 whales from the 
population are sighted at random. Of the 40 sighted, 
12 are among the 27 originally identified. Estimate the 
number of whales in the population. 


Map Scaling. Ona road atlas map, 1 in. represents 
16.6 mi. If two cities are 3.5 in. apart on the map, how 
far apart are they in reality? 


cat SER 


oon 


eYoungwood 
a 
e 
Washington (Fe) 
1) @) 
16.6 
Miles per inch 


PENINSYWLVANTAY 


Currency Exchange. On July 31, 2017, 1 U-S. dollar 
was worth about 0.845 euro. 


a) How much were 50 U.S. dollars worth in euros on 
that day? 

b) How much would a car that costs 8640 euros cost 
in U.S. dollars? 


Ratio and Proportion 


28. 


30. 


32. 


34. 


Grass-Seed Coverage. In Exercise 27, how much 
seed would be needed for 7000 ft” of lawn? 


Estimating a Trout Population. To determine the 


number of trout in a lake, a conservationist catches 
112 trout, tags them, and throws them back into the 
lake. Later, 82 trout are caught, and it is found that 
32 of them are tagged. Estimate how many trout there 
are in the lake. 


Map Scaling. Ona map, ; in. represents 50 mi. If 
two cities are 34 in. apart on the map, how far apart 
are they in reality? 


Miles ? 


Austin 
0 50 100 w fouston|| 
_—— | 


Miles bapa San Antonio » 
MEXICQ: =" OOo 


Currency Exchange. On July 31, 2017, 1 U.S. dollar 
was worth about 17.8 Mexican pesos. 


a) How much were 150 U.S. dollars worth in Mexican 
pesos on that day? 

b) While traveling in Mexico at that time, Jake bought 
a watch that cost 3600 Mexican pesos. How much 
did it cost in U.S. dollars? 
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35. Soccer Goals. After playing 21 games in the 2017 
Major League Soccer season, Nemanja Nikolic of the 
Chicago Fire had scored 16 goals. 

a) At this rate, how many games would it take him to 
score 19 goals? 

b) At this rate, how many goals would Nikolic score in 
the whole 30-game season? 


Data: Major League Soccer 


36. Home Runs. After playing 95 games in the 2017 
Major League Baseball season, Bryce Harper of the 
Washington Nationals had 27 home runs. 


a) At this rate, how many games would it take him to 
hit 30 home runs? 

b) At this rate, how many home runs would Harper hit 
in the entire 162-game season? 


Data: Major League Baseball 


Skill Maintenance ooo ccccceceeeteeeees 


Solve. 
37. 12-x = 1944 [1.7b] 


40. 112.5-p = 45 [4.4b] 


MENG SYS) i pscisea secccaeetissacs drain eatiatiasnencay enna 


45. Carney College is expanding from 850 to 1050 
students. To avoid any rise in the student-to-faculty 
ratio, the faculty of 69 professors must also be 
increased. How many new faculty positions should 
be created? 


47. Baseball Statistics. Cy Young, one of the greatest 
baseball pitchers of all time, gave up an average 
of 2.63 earned runs every 9 innings. Young 
pitched 7356 innings, more than anyone else in 
the history of baseball. How many earned runs 
did he give up? 


38. 6807 = m + 2793 


41. 3.7+y=18 


[1.7b] 39. +425 =87 [4.2c] 


[4.2c] 42. 0.078 = 0.3-t [4.4b] 


46. In recognition of her outstanding work, Sheri’s 
salary has been increased from $26,000 to $29,380. 
Tim is earning $23,000 and is requesting a 
proportional raise. How much more should he 
ask for? 


48. fi] Real-Estate Values. According to Coldwell 
Banker Real Estate Corporation, a home selling 
for $189,000 in Austin, Texas, would sell for $486,300 
in Key West, Florida. How much would a $350,000 
home in Key West sell for in Austin? Round to the 
nearest $1000. 


Data: Coldwell Banker Real Estate Corporation 


49. {] The ratio 1: 3:2 is used to estimate the relative costs of a CD player, receiver, and speakers when shopping for a 
sound system. That is, the receiver should cost three times the amount spent on the CD player and the speakers should 
cost twice the amount spent on the CD player. If you had $900 to spend, how would you allocate the money, using this 
ratio? 
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Geometric Applications 


a PROPORTIONS AND SIMILAR TRIANGLES 
OBJECTIVES 


a Find lengths of sides of similar 
triangles using proportions. 


b Use proportions to find lengths 
in pairs of figures that differ 
only in size. 


Solve proportions. [5.3b| 
Solve. 
7 & 2 
jiL,=== 4S = 
G3 1 


ts 


Answers: 1. 2.625 2. ; 
VIDEO 


The following triangles appear to have the same shape, but their sizes are 
different. These are examples of similar triangles. For similar triangles, the 

‘Mylab Math corresponding sides of the triangles have the same ratio. That is, the follow- 
ing proportion is true. 


ANIMATION 
a_b_e y é 
d e fa 7 a 
b e 
EXAMPLE 1 The triangles below are similar triangles. Find the missing 
length x. 
B 
1. This pair of triangles is similar. rcs( 
Find the missing length x. oa x 
E 
fe x mS 
A 24 Cc D 8 B 
24 18 
The ratio of x to 20 is the same as The ratio of x to 9 is the same as the ratio of 24 to 8 or 21 to 7. We get 
the ratio of 9 to ; the proportions 
Cae a 
— n = 
a og er i 
PG = 20-9 ; ; : 
pean We can solve either one of these proportions. We use the first one: 
_ x _ 24 
9 8 
ae x°8 = 9-24 Equating cross products 
x°8 9-24 re : 
3 = = Dividing by 8 on both sides 
Answer x = 27. Simplifying 
1. 15 a , ; 
Pride Senate The missing length x is 27. Other proportions could also be used. 
1. 12; 12, 12, 12, 12, 180, 15 <@ Do Exercise 1. 
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SIMILAR TRIANGLES 


Similar triangles have the same shape. The lengths of their corre- 
sponding sides have the same ratio—that is, they are proportional. 


EXAMPLE 2 How high is a flagpole that casts a 56-ft shadow at the same 
time that a 6-ft man casts a 5-ft shadow? 


Sun’s 
rays 


; 56 ft 
5 ft 


If we use the sun’s rays to represent the third side of the triangle in our 
drawing of the situation, we see that we have similar triangles. Let p = the 
height of the flagpole. The ratio of 6 to p is the same as the ratio of 5 to 56. 
Thus, we have the proportion 


Height of man—>6 — 5 <— Length of shadow of man 
Height of pole —> p 56 < Length of shadow of pole 


Solve: 6°56 = p-5 Equating cross products 


: 75 
ae = a Dividing by 5 on both sides 
_ =p Simplifying 

67.2 = p. 


The height of the flagpole is 67.2 ft. 
Do Exercise 2. > 


EXAMPLE 3 Rafters of a House. Carpenters use similar triangles to deter- 
mine the length of rafters for a house. They first choose the pitch of the roof, 
or the ratio of the rise over the run. Then using a triangle with that ratio, they 
calculate the length of the rafters needed for the house. Loren is making rafters 
for a roof with a 6/12 pitch on a house that is 30 ft wide. Using a rafter guide, 
Loren finds that the rafter length corresponding to the 6/12 pitch is 13.4. Find 
the length x of the rafters for this house to the nearest tenth of a foot. 


13.4 
Rise: 6 


Run: 12 
Pitch: 6/12 


. How high is a flagpole that 


casts a 45-ft shadow at the 


same time that a 5.5-ft woman 


casts a 10-ft shadow? 


Answer 
2. 24.75 ft 
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3. Rafters of a House. Referring 
to Example 3, find the length y 
of the rise of the rafters of the 
house to the nearest tenth of a 
foot. 


4. The sides in the photographs 
below are proportional. 
Find the width of the larger 
photograph. 


> a 
6cm 
Vv 


10 cm >| 


35 cm 


Answers 
3. 7.5 ft 4. 21cm 
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We have the proportion 


Length of rafter Run in 6/12 
in 6/12 triangle "e134 — a ai triangle 
Length of rafter_7 * 15 *, Run in similar 
on the house triangle on the house 


Solve: 13.4-15 = x-12 Equating cross products 


BED uF pies bye temas 
12 12 
13.4-15 | 
12 
16.8 ft ~ x. Rounding to the nearest tenth of a foot 


The length x of the rafters for the house is about 16.8 ft. 
< Do Exercise 3. 


PROPORTIONS AND OTHER 
GEOMETRIC SHAPES 


When one geometric figure is a magnification of another, the figures are 
similar. Thus, the corresponding lengths are proportional. 


EXAMPLE 4 The sides in the photographs below are proportional. Find 
the width of the larger photograph. 


3.5 cm 


We let x = the width of the photograph. Then we translate to a proportion. 


Larger width > xX _ 105 <= Larger length 

Smaller width —> 2.5 3.5 <— Smaller length 
Solve: x X 3.5 = 2.5 X 10.5 Equating cross products 
xX 3.5 25 xX 10.5 

oo 35) 
_ 2.5 X 10.5 

~ se 

= 7: 


Dividing by 3.5 on both sides 


Simplifying 


Thus, the width of the larger photograph is 7.5 cm. 
< Do Exercise 4. 


EXAMPLE 5 A scale model of an addition to an athletic facility is 12 cm 
wide at the base and rises to a height of 15 cm. If the actual base is to be 52 ft, 
what will the actual height of the addition be? 


We leth = the height of the addition. Then we translate to a proportion. 


Width in model —> 12 _ 15 <— Height in model 
Actual width 52 = h <~ Actual height 


Solve: 12+h = 52-15 Equating cross products 
= Dividing by 12 on both sid 
Db wD ividing by 12 on both sides 
52-15 
h = —— = 65. 
12 


Thus, the height of the addition will be 65 ft. 
Do Exercise 5. > 


EXAMPLE 6. Bicycle Design. Two important 
dimensions to consider when buying a bicycle are 
stack and reach, as illustrated in the diagram at the 
right. The Country Racer bicycle comes in six dif- 
ferent frame sizes, each proportional to the others. 
In the smallest frame size, the stack is 50 cm and 
the reach is 37.5 cm. In the largest size, the stack is 
60 cm. What is the reach in the largest frame size of 
the Country Racer? 


We let r = the reach in the largest frame size. Then we translate to a 
proportion. 


Stack in smallest frame —> 50 _ 60<— Stack in largest frame 
Reach in smallest frame —> 37.5. r <~— Reach in largest frame 
Solve: 
50:r = 37.5+60 Equating cross products 
2 Dividing by 50 on both sid 6 
= ividin n sides . 
50 50 ee ern nen 
37.5 + 60 
= ——— = 45. 
"50 


Thus, the reach in the largest frame size is 45 cm. 


. Refer to the figure in Example 


5. If a skylight on the model 
is 3 cm wide, how wide will an 
actual skylight be? 


Let w = the width of an actual 
skylight. 
2 
as 
12-w = 52: 


w= 


The width of an actual skylight 
will be 13 


Refer to Example 6. In another 
frame size of the Country 
Racer, the reach is 42 cm. What 
is the stack? 


Answers 


Do Exercise 6. > 


5. 13 ft 6. 56cm 


Guided Solution: 
5, 3,3). 13;-ft 
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FOR 
EXTRA @ MyLab Math 
HELP 


VY Check Your Understanding 
Reading Check and Concept Check Complete each proportion based on the following similar triangles. 


(& 
a 
5 
Zh 
4 8 


nig, <= Se rca, & = 


RC1. — = RC2, — = 


a The triangles in each exercise are similar. Find the missing lengths. 


iP 2. 3. 
h h 5 
44 4 . 
21 D 
9 45 33 3 a 
1 


1 


Nie 


4. 5. 6. 
8 9 
e \ VMS aa 
15 
° 12 y 7 y 
12 x 

7. ° 8. 

- = 2.5 2.4 ; 

24 y x 16 2 
2 y 


9. When a tree 8 m high casts a shadow 5 m long, how 10. How high is a flagpole that casts a 42-ft shadow at the 
long a shadow is cast by a person 2 m tall? same time that a 55-ft woman casts a 7-ft shadow? 
11. How high is a tree that casts a 27-ft shadow at the 12. How high is a tree that casts a 32-ft shadow at the 
same time that a 4-ft fence post casts a 3-ft shadow? same time that an 8-ft light pole casts a 9-ft shadow? 
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13. Find the height h of the wall. 14. Find the length L of the lake. Assume that the ratio of 
L to 120 yd is the same as the ratio of 720 yd to 30 yd. 


15. Find the distance across the river. Assume that the ratio 16. To measure the height of a hill, a string is stretched 

of d to 25 ft is the same as the ratio of 40 ft to 10 ft. from level ground to the top of the hill. A 3-ft stick 
is placed under the string, touching it at point P, a 
distance of 5 ft from point G, where the string touches 
the ground. The string is then detached and found to 
be 120 ft long. How high is the hill? 


b In each of Exercises 17-26, the sides in each pair of figures are proportional. Find the missing lengths. 


18. 
x 
° A 
7 14 
19. 20. 
re did r 
? 
4 3 
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17. 


27. A scale model of an addition to a medical clinic is 


15 cm wide at the base and rises to a height of 19 cm. 


If the actual base is to be 120 ft, what will the actual 
height of the addition be? 
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24. 


28. Refer to the figure in Exercise 27. If a large window 
on the model is 3 cm wide, how wide will the actual 
window be? 
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Skill Maintenance 


Determine whether each number is prime, composite, or Find the prime factorization of each number. [2.1d] 
neither. [2.1c] 31. 808 32. 93 
29. 83 30. 28 
Use = or# for|_|to write a true sentence. [2.5c] Use < or > for|_|to write a true sentence. [3.3b] 
33 ue ° 34 as a 35 a a 36 2 a 

"8 4 vet 9 "12 15 "6 11 
Simplify. 

i 2 ot ° 

37 5 + 4 +5 [3.7a] 38. 18.3 + 2.5 x 4.2 — (2.6 — 0.3°) [4.4c] 
39. 9 x 15 — [23-6 — (2-5 +3-10)] [1.9d] 40. 2600 + 13 — 5° [1.9c] 
EME 5s i ec are ein eee eee eae 


Hockey Goals. An official hockey goal is 6 ft wide. To make scoring more difficult, goalies often position themselves far in 
front of the goal to “cut down the angle.” In Exercises 41 and 42, suppose that a slapshot is attempted from point A and that 
the goalie is 2.7 ft wide. Determine how far from the goal the goalie should be located if point A is the given distance from 
the goal. (Hint: First find how far the goalie should be from point A.) 


42. H) 35 ft 


41. 25 ft 


43. A miniature air conditioning unit is to be built for the model referred to in Exercise 27. An actual unit is 10 ft high. How 
high should the model unit be? 


Solve. Round the answer to the nearest thousandth. 


yr 8664.3 x i 
* 10,344.8 9776.2 


12.0078 _ 789.23 
° 56.0115 ~~ y 


The triangles in each exercise are similar triangles. Find the lengths not given. 
46. 47. 
x ¥ 
124 | ; 18.5 22.4 19.7 
16.8 0.3 


423.36 
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CHAPTER 


Per Summary and Review 


Vocabulary Reinforcement 


Complete each statement with the correct term from the list on the right. 
Some of the choices may not be used. 


1. A ratio is the of two quantities. [5.la] cross products 
2. Similar triangles have the same . [55a] price 
3. To solve : = <q for x, equate the and divide on both peoeuct 
ti 
sides to get x alone on one side. [5.3b] PPOPOF oe 
quantity 
4. A(n) is a ratio used to compare two different kinds of iduient 
measure. [5.2a] 7 
rate 
5. A(n) states that two pairs of numbers have the same h 
ratio. [5.3a] a ci 
6. A unit price is the ratio of to the number of units. [5.2b] 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. When we simplify a ratio like a we find two other numbers in the same ratio. [5.1b] 


d 
2. The proportion a = can also be written as “ =F) [5.3a] 


3. Similar triangles must be the same size. [5.5a| 


4. Lengths of corresponding sides of similar figures have the same ratio. [5.5b] 


Study Guide 


Objective 5.1a Find fraction notation for ratios. 


Example Find the ratio of 7 to 18. Practice Exercise 
Write a fraction with a numerator of 7 anda 1. Find the ratio of 17 to 3. 


7 
i f18: —. 
denominator of 18 18 


Objective 5.1b Simplify ratios. 


Example Simplify the ratio 8 to 2.5. : Practice Exercise 


8 8 10 80 5:16 : 2, Simplify the ratio 3.2 to 2.8. 
25° 25 10° 25° 5+5 

5 16 16 

 . ae 
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Objective 5.2a Give the ratio of two different measures as a rate. 


Example A driver travels 156 mi on 6.5 gal of gas. Practice Exercise 


What is the rate in miles per gallon? 3. A student earned $120 for working 16 hr. What was 
156mi — 156 mi | 74 mi soe nadies : the rate of pay per hour? 


65gal 65 gal gal 


Objective 5.2b Find unit prices and use them to compare purchases. 


Example A 16-0z can of tomatoes costs $1.00. A 20-0z Practice Exercise 


can costs $1.23. Which has the lower unit price? : 4, A 28-0z jar of Brand A spaghetti sauce costs $2.79. 
_ $1.00 _ 100 cents ; A 32-oz jar of Brand B spaghetti sauce costs $3.29. 


16 oz: 16 oz 160z 6.25¢/0z Find the unit price of each brand and determine 
— $1.23 _ 123cents _ ase) which is a better buy based on unit price alone. 
°%* 3002 + +20 + ~ BPE 


Thus, the 20-0z can has the lower unit price. 


Objective 5.3a Determine whether two pairs of numbers are proportional. 


Example Determine whether 3, 4 and 7, 9 are : Practice Exercise 
proportional. 5 ; 5. Determine whether 7, 9 and 21, 27 are 
rae 3°07 SS : proportional. 
3-9 = 27 as 4-7 = 28 : 


Since the cross products are not the same (27 # 28), 


7 
rr A 9 and the numbers are not proportional. 


Objective 5.3b Solve proportions. 


3 Practice Exerci 
ianple- Sova = y : ractice Exercise 
4 7 : 9 8 
, : 6. Solve: — = =. 
3-7 = 4-y  Equating cross products : x 3 
3:7 _ 4+ Dividing by 4 on 
4 4 both sides 
21 
4 _ y: 


21 
The solution is —. 


Objective 5.4a Solve applied problems involving proportions. 


Example Martina bought 3 tickets toa campus theater : Practice Exercise 
production for $16.50. How a would 8 tickets cost? 7. On a map, in. represents 50 mi. If two cities are 
We translate to a proportion. : 1; in. apart on the map, how far apart are they in 


Tickets > 3 — 8 < Tickets : reality? 
Cost > 16.50  c¢ <—Cost 
3-c = 16.50°8 Equating cross products 
16.50°8 
3 


(& = 
c= 44 
Eight tickets would cost $44. 
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Objective 5.5a Find lengths of sides of similar triangles using proportions. 


Example The triangles below are similar. Find the 
missing length x. 


8 12 


The ratio of 6 to x is the same as the ratio of 8 to 12 
(and also as the ratio of 10 to 15). We write and solve a 


proportion: 
6 8 
: 
6°12 = x-8 
6-12 x-8 
8 8 
9=x 


The missing length is 9. (We could also have used other 


6 10 
proportions, including = iS to find x.) 


Review Exercises 


Practice Exercise 


8. The triangles below are similar. Find the missing 
length y. 


18 y 


20 24 


Write fraction notation for each ratio. Do not 
simplify. [5.1a] 


1. 47 to 84 2. 46 to 1.27 


3. 83 to 100 4. 0.72 to 197 


5. At Preston Seafood Market, 12,480 lb of tuna and 
16,640 lb of salmon were sold one year. [5.1a, b] 
a) Write fraction notation for the ratio of tuna sold 
to salmon sold. 
b) Write fraction notation for the ratio of salmon 


sold to the total number of pounds of both kinds 
of fish sold. 


Find the ratio of the first number to the second number 
and simplify. [5.1b] 


6. 9 to 12 7. 3.6 to 6.4 


8. Gas Mileage. The 2017 Chevrolet Malibu 1.5L 
will travel 522 mi on 14.5 gal of gasoline in highway 
driving. What is the rate in miles per gallon? [5.2a| 


Data: fueleconomy.gov 


9. Flywheel Revolutions. A certain flywheel makes 
472,500 revolutions in 75 min. What is the rate of 
spin in revolutions per minute? [5.2a| 


10. A lawn requires 319 gal of water for every 500 ft”. 
What is the rate in gallons per square foot? [5.2a| 


11. Calcium Supplement. ‘The price for a particular 
calcium supplement is $18.99 for 300 tablets. Find 
the unit price in cents per tablet. [5.2b] 


12. Raquel bought a 24-oz loaf of 12-grain bread for 
$4.69. Find the unit price in cents per ounce. [5.2b] 
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13. Vegetable Oil. Find the unit price. Then deter- 
mine which size has the lowest unit price. [5.2b] 


32 oz $4.79 
48 oz $5.99 
64 oz $9.99 


Determine whether the two pairs of numbers are 
proportional. [5.3a| 


14. 9, 15 and 36, 60 15. 24, 37 and 40, 46.25 


Solve. [5.3b] 


es Zea” 
“9 36 "x 56 
120 7 45 0.9 
18. —=-— 19, —— = — 
a: 120 


Solve. [5.4a] 


20. Quality Control. A factory manufacturing com- 
puter circuits found 3 defective circuits in a lot of 
65 circuits. At this rate, how many defective circuits 
can be expected in a lot of 585 circuits? 


21. Exchanging Money. On July 31,2017,1 US. dollar 
was worth about 1.246 Canadian dollars. 


a) How much were 250 U.S. dollars worth in 
Canada on that day? 

b) While traveling in Canada that day, Jamal saw 
a sweatshirt that cost 50 Canadian dollars. How 
much would it cost in U.S. dollars? 


22. A train travels 448 mi in 7 hr. At this rate, how far 
will it travel in 13 hr? 


23. Movies Released. In the first 5 months of 2017, 
there were 164 movies released to theaters in the 
United States. At this rate, how many movies would 
be released in 2017? 


Data: wildaboutmovies.com 


NEW 
RELEASES 


24. Trash Production. In the United States, 5 people 
generate, on average, 22 lb of trash each day. The 
population of New York City is 8,537,673. How 
many pounds of trash are produced in New York 
City in one day? 


Data: U.S. Environmental Protection Agency; New York City Depart- 
ment of City Planning 


25. Thanksgiving Dinner. A traditional turkey dinner 
for 8 people cost about $39.90 in a recent year. How 
much would it cost to serve a turkey dinner for 
14 people? 


Data: American Farm Bureau Federation 


26. Lawyers per Capita. In Massachusetts, there 
are about 6.4 lawyers for every 1000 people. The 
population of Boston is 673,200. How many lawyers 
would you expect there to be in Boston? 


Data: American Bar Association; U.S. Census Bureau 


Each pair of triangles in Exercises 27 and 28 is similar. 
Find the missing length(s). [5.5a] 


27. 
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28. : 
a % \ 
9 y 


29. How high is a billboard that casts a 25-ft shadow 
at the same time that an 8-ft sapling casts a 5-ft 
shadow? [5.5a] 


30. The lengths in the figures below are proportional. 


Find the missing lengths. [5.5b] 
Ea 
B) 
9 
y 6 
Z 
¥ 2 


31. Turkey Servings. 
Find the rate in servings per pound. 


A. 0.36 serving/Ib 
C. 0.98 serving /1b 


A 25-lb turkey serves 18 people. 
[5.2a] 


B. 0.72 serving /Ib 
D. 1.39 servings /Ib 


32. If 3 dozen eggs cost $5.04, how much will 5 dozen 


eggs cost? [5.4a] 
A. $6.72 B. $6.96 
C. $8.40 D. $10.08 


Synthesis 2s 


33. Paper Towels. Find the unit price and determine 
which item would be the best buy based on unit 
price alone. [5.2b] 


UNIT PRICE 
PER SHEET 


6 big rolls, 165 (2 ply) 
sheets per roll 


34. The following triangles are similar. Find the 
missing lengths. [5.5a] 


ra 
7570.7 5678 


2530.5 3374 


35. Shine-and-Glo Painters uses 2 gal of finishing paint 
for every 3 gal of primer. Each gallon of finishing 
paint covers 450 ft”. If a surface of 4950 ft” needs 
both primer and finishing paint, how many gallons 
of each should be purchased? [5.4a] 


Understanding Through Discussion and Writing 


1. If you were a college president, which would you 
prefer: a low or high faculty-to-student ratio? 
Why? [5.1a] 


2. Can unit prices be used to solve proportions that 
involve money? Explain why or why not. [5.2b], 
[5.4a] 


3. Write a proportion problem for a classmate to 
solve. Design the problem so that the solution is 
“Leslie would need 16 gal of gasoline in order to 
travel 368 mi.” [5.4a] 


4. Is it possible for two triangles to have two pairs of 
sides that are proportional without the triangles 
being similar? Why or why not? [5.5a] 
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CHAPTER 


For step-by-step test solutions, access the Chapter Test Prep Videos in 
MyLab Math. 


oie 


Write fraction notation for each ratio. Do not simplify. 
1. 85 to 97 


2. 0.34 to 124 


Find the ratio of the first number to the second number and simplify. 


3. 18 to 20 


5. What is the rate in feet per second? 
10 feet, 16 seconds 


7. Gas Mileage. Jeff’s convertible will travel 464 mi on 
14.5 gal of gasoline in highway driving. What is the 
rate in miles per gallon? 


9. The table below lists prices for concentrated liquid 
laundry detergent. Find the unit price of each size in 
cents per ounce. Then determine which has the lowest 


unit price. 
40 oz $6.59 
50 oz $6.99 


100 oz $11.49 
150 oz $24.99 


Determine whether the two pairs of numbers are proportional. 


10. 7, 8 and 63, 72 


Solve. 

Bi ISO) ae 
aes ee a 
Solve. 


16. Distance Traveled. An ocean liner traveled 432 km 
in 12 hr. At this rate, how far would it travel in 42 hr? 


4. 0.75 to 0.96 


6. Ham Servings. A 12-lb shankless ham contains 16 
servings. What is the rate in servings per pound? 


8. Bagged Salad Greens. Ron bought a 16-o0z bag of 
salad greens for $2.49. Find the unit price in cents per 
ounce. 


11. 1.3, 3.4 and 5.6, 15.2 


eee) 680. 17 
"100 64 Diy 8S 


17. Time Loss. A watch loses 2 min in 10 hr. At this rate, 
how much will it lose in 24 hr? 


Test: Chapter5 © 333 


18. Map Scaling. Ona map, 3 in. represents 225 mi. If 19. Tower Height. A birdhouse on a pole that is 3 m 


two cities are 7 in. apart on the map, how far apart are high casts a shadow 5 m long. At the same time, the 
they in reality? shadow of a tower is 110 m long. How high is the 
tower? 
ubbock” TP 1B OK ANOS 
Ft. Worth », 


Waco 
8 


Austin %& 


San Antonio 


BIG BEND 
NAT'L PARK 


MEXICO 


o © 


20. Charity Work. Kayla is crocheting hats for a charity. 21. Calories Burned. Kevin burned 200 calories while 
She can make 8 hats from 12 packages of yarn. playing ultimate frisbee for 3 hr. How many calories 


a) How many hats can she make from 20 packages of would he burn if he played for 13 hr? 
yarn? 

b) How many packages of yarn does she need to make 
20 hats? 


The sides in each pair of figures are proportional. Find the missing lengths. 
22% 23. 


24. Lucita walks 43 mi in 15 hr. What is her rate in miles per hour? 


A. + mph B. 15 mph 
C. 3 mph D. 45 mph 
SUMUMCSIS Peer cere era re ee ee inn ee ne cee reread ear eeere 


25. Nancy wants to win a gift card from the campus bookstore by guessing the number of marbles in an 8-gal jar. She knows 
that there are 128 oz in a gallon. She goes home and fills an 8-0z jar with 46 marbles. How many marbles should she 
guess are in the 8-gal jar? 
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CHAPTERS 


Cumulative Review 
Calculate and simplify. > Which number is larger? 
1. 21 3 2 24 : 15. 0.7, 0.698 16. 0.799, 0.8 
3.0) 19 + 4% 
ar 4 3 OF 
17. Find the prime factorization of 144. 
ee 4. 40.2 
3s) 228 = 9.709 
18. Find the LCM of 18 and 30. 
4 3 
bb Bie = OSS 6. a 


7 37.64 8. 5.678 x 100 
x 508) 
il 2 = 
0), B= 0 lS Is 23) }) 9 3.9) 
3 7 ) 
a 7. 14 
11.54)48,546 be aay 


13. Write expanded notation: 30,074. 


14. Write a word name for 120.07 


: 22, 


19, What part is shaded? 


: 20. Simplify: a 


> Calculate. 


: 3 
5 AL = x 953 
: 5 


1 3 
= UG 10), 
3 * 0.645 7 0.048 


23. Write fraction notation for the ratio 0.3 to 15. Do not 
simplify. 


Cumulative Review: Chapters 1-5 


335 


24. Determine whether the pairs 3,9 and 25,75 are : 35. A 46-0z juice can contains 53 cups of juice. A recipe calls 
proportional. for 35 cups of juice. How many cups are left over? 


25. What is the rate in meters per second? 
660 meters, 12 seconds : 36. It takes a carpenter $ hr to hang a door. How many 
doors can the carpenter hang in 8 hr? 


26. Unit Prices. An 8-oz can of pineapple chunks costs 
$0.99. A 24.5-oz jar of pineapple chunks costs $3.29. 


Which has the lower unit price? 37. Car Travel. A car travels 337.62 mi in 8 hr. How far 


does it travel in 1 hr? 


Solve 
7 if 28. 423 = 16+t : 38. Shuttle Orbits. A space shuttle made 16 orbits a day 
p25 54 ‘ during an 8.25-day mission. How many orbits were 
: made during the entire mission? 
2 16 ql 56 
22 Soy = a= = 
ay, eGo 
39. How many even prime numbers are there? 
A. 5 B. 3 (Ca 2 
7 E D. 1 E. None 
1. 34.56 + n = 67. Vhs er ae 
3 n 7.9 3 95 7 
: 40. The gas mileage of a car is 28.16 mpg. How many gallons 
33. Ramona’s recipe for fettuccini alfredo has 520 calories in : per mile is this? 
1 cup. How many calories are there in ; cup? : 704 5 2816 
: Ue eae Baa 5 
DS 704 c 100 
D 250 KE. None 
34. A machine can stamp out 925 washers in 5 min. An * 704 
order is placed for 1295 washers. How long will it take to 
stamp them out? 
SUTMEMG SIS 2 cao cle cee en eee eg eee alee a ee ceeded acl ee pomeret apet eet a a maen eh eta ora 
41. A soccer goalie wishing to block an opponent’s shot 
moves toward the shooter to reduce the shooter’s view 
of the goal. If the goalie can only defend a region 10 ft 
wide, how far in front of the goal should the goalie be? —— 
(See the figure at right.) 
8 yd 
Goal 
Vv 
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donor card 


NHS Organ Doner Register 


Percent Notation 


In August 2017, there were approximately 116,000 men, women, and children in 
the United States on the organ transplant waiting list. Every 10 minutes another 


pal caelnnabipllas Organ Transplants in the United States, 2016 


list, and 20 people die 
each day waiting for a 
transplant. A total of 
33,611 transplants were 
performed in 2016. The 


graph at right shows 

percents for transplants of 

selected organs. 

DATA: organdonor.gov; U.S. Bi Kidney 

Department of Health and i Liver 

Human Services Bi Heart 
BB Lung 
©) Other 


DATA: organdonor.gov 


In Exercise 1 of Exercise Set 6.5, we will find the number of 
liver transplants and the number of heart transplants that 
were performed in the United States in 2016. 


6.1 
6.2 


6.3 


6.4 


Mid-Chapter Review 


6.5 


Translating for Success 


6.6 


6.7 


Summary and Review 
Test 
Cumulative Review 


CHAPTER 


Ll 


Percent Notation 

Percent Notation 

and Fraction Notation 
Solving Percent Problems 
Using Percent Equations 
Solving Percent Problems 
Using Proportions 


Applications of Percent 


Sales Tax, Commission, 
and Discount 

Simple Interest and 
Compound Interest; 
Credit Cards 
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STUDYING FORSUCCESS Quiz and Test Follow-up 


{] Immediately after completing a chapter quiz or test, write out a step-by-step solution for each 
question that you missed. 


{-] Meet with your instructor or tutor for help with problems that are still giving you trouble. 


{] Keep your tests and quizzes along with their corrections to use as a study guide for the final exam. 


Percent Notation 
6.1 


OBJECTIVES 


a Write three kinds of notation 
for a percent. 


Db Convert between percent 
notation and decimal notation. 


a UNDERSTANDING PERCENT NOTATION 


In 2017, 54% of the world’s population lived in urban areas. What does 54% 
mean? It means that of every 100 people on Earth in 2017, 54 lived in urban 
areas. Thus, 54% is a ratio of 54 to 100, or x. (See Figure 1 below.) In the 
United States in 2017, approximately 83% of the population was urban. (See 
Figure 2 below.) 

Data: worldometers.info; un.org; citywise.net 


54 of 100 squares 
are shaded. 


54% or “4 or 0.54 
of the large square 
is shaded. 


FIGURE 1 


Eo 


83 of 100 squares 
are shaded. 


83% or 5 or 0.83 
of the large square 


is shaded. 
FIGURE 2 


We encounter percent notation frequently. Here are some examples. 


e Humans start 84% of the wildfires in the United States. 
Data: Proceedings of the National Academy of Sciences 

e Over an average lifetime, a person spends 29.7% of the time sitting 
and 0.69% of the time exercising. 
Data: CensusWide/Reebok poll of 18,000 people in nine countries 

e In 2015, 13.3% of the people living in the United States had been 
born in another country. 


Consumer Transactions 


Data: U.S. Census Bureau's Current Population Surveys (Annual Social and Economic Supple- 
ments); U.S. Department of Commerce 


Percent notation is often represented using a circle graph, or pie chart, to 
show how the parts of a quantity are related. For example, the circle graph at 
left illustrates the percents of consumer transactions by payment type. 


PERCENT NOTATION 


The notation n% means “n per hundred.” 


DATA: Federal Reserve Bank of San Francisco 
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This definition leads us to the following equivalent ways of defining 
percent notation. 


NOTATION FOR n% 


Percent notation, n%, can be expressed using: 


. : n 
ratio + n% = the ratio of n to 100 = —, 
100 
fracti tati >n%k x : 
raction notation +>n% =n , or 
. 100 


decimal notation +n% =n X 0.01. 


EXAMPLE 1. Write three kinds of notation for 67.8%. 


67.8 


Using ratio: 67.8% 00 


A ratio of 67.8 to 100 


1 il 
67.8 X 100 Replacing % with X too 


Using decimal notation: 67.8% = 67.8 X 0.01 Replacing % with x 0.01 


Using fraction notation: 67.8% 


Do Exercises 1-4. > 


Db CONVERTING BETWEEN PERCENT NOTATION 


AND DECIMAL NOTATION 
Multiply using decimal notation. [4.3a] 
Multiply. 
1. 68.3 X 0.01 2. 3013 x 2.4 


Answers: 1. 0.683 2. 7231.2 
MyLab Math 
VIDEO 


Consider 78%. To convert to decimal notation, we can think of percent nota- 
tion as a ratio and write 


78 
8% = 700 Using the definition of percent as a ratio 
= 0.78. Dividing 
Similarly, 
49 
9 —— ee 
4.9% 100 0.049. 


We can also convert 78% to decimal notation by replacing “%” with 
“x 0.01” and writing 


78% = 78 X 0.01 Replacing % with X 0.01 
= 0.78. Multiplying 
Similarly, 


4.9% = 4.9 x 0.01 = 0.049. 


Fluid milk consumption per capita 
dropped 16.2% from 2005 to 2016. 


Data: U.S. Department of Agriculture 


Write three kinds of notation for 
each percent, as in Example 1. 


1. 70% 2. 23.4% 


3. 100% 4. 0.6% 


It is thought that the Roman 
emperor Augustus began percent 
notation by taxing goods sold at 
a rate of jg. In time, the symbol 
“%” evolved by interchanging 
the parts of the symbol “100” to 
make “0/0” and then simplifying 
“0/0” to “%.” 


Answers 
70 i 

. —~;70 X ——;70 X 0. 

1 100 70 100 70 X 0.01 

2s one oa x + o34 x 0.01 
100 100 

3. a 100 x nan 100 x 0.01 
100 100 
0.6 ll 

- ——~:0.6 X —; 0.6 X 0. 

4 100 0.6 100 0.6 < 0.01 
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Converting from 


Percent Notation to Decimal 
Notation Many calculators have 


a 


%| key that can be used to 


convert from percent notation to 
decimal notation. This is often the 
second operation associated with 


a 


particular key and is accessed by 


first pressing a| 2nd] or [SHIFT] key. 


To convert 57.6% to decimal 


notation, for example, you might 


press [5 ][7][- ][6][2nd][% 


5 


7J[- [6] [SHIFT] [%][=. 


di 


splay would read| _0.576 


57.6% = 0.576. 


EXERCISES: 


Use a calculator to 


find decimal notation. 


1. 14% 
3. 43.8% 


2. 0.069% 
4. 125% 


Find decimal notation. 


5. 


34% 6. 78.9% 


Find decimal notation for the 


percent notation(s) in each 
sentence. 
7. Energy Use. It is projected 


that by 2030, the United States 
will use 14.9% of the world’s 
energy. India is projected to 
use only 6.7% 

of the world’s energy. 

Data: Energy Information Administration; 


Organization for Economic Cooperation 
and Development (OECD) 


8. Blood Alcohol Level. A 


blood alcohol level of 0.08% is 
the standard used by the most 
states as the legal limit for 
drunk driving. 


Answers 

5. 0.34 6. 0.789 7. 0.149; 0.067 

8. 0.0008 
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Dividing by 100 amounts to moving the decimal point two places to the 
left, which is the same as multiplying by 0.01. This leads us to a quick way 
to convert from percent notation to decimal notation: We drop the percent 
symbol and move the decimal point two places to the left. 


To convert from percent notation to 36.5% 

decimal notation, 

a) replace the percent symbol % with 36.5 X 0.01 
X 0.01, and 

b) multiply by 0.01, which means move 0.36.5 Move 2 places 
the decimal point two places to ir to the left. 
the left. 36.5% = 0.365 


EXAMPLE 2. Find decimal notation for 99.44%. 


a) Replace the percent symbol with x 0.01. 99.44 x 0.01 
b) Move the decimal point two places 0.99.44. 
to the left ~ 
Thus, 99.44% = 0.9944. @ 


EXAMPLE 3 The interest rate on a 25-year certificate of deposit is 63%. 
Find decimal notation for 63%. 


a) Convert 63 to decimal notation and 62% 
replace the percent symbol with x 0.01. 6.375 X 0.01 
b) Move the decimal point two places 0.06.375 
WV 


to the left. 
Thus, 63% = 0.06375. 


<@ Do Exercises 5-8. 


To convert 0.38 to percent notation, we can first write fraction notation, 
as follows: 


38 
0.38 = —— Converting to fraction notation 
100 
= 38%. Using the definition of percent as a ratio 


Note that 100% = 100 xX 0.01 = 1. Thus, to convert 0.38 to percent 
notation, we can multiply by 1, using 100% as a symbol for 1. 
0.38 = 0.38 x 1 
= 0.38 x 100% 
= 0.38 x 100 X 0.01 
= (0.38 x 100) x 0.01 


Replacing 100% with 100 x 0.01 
Using the associative law of 
multiplication 

= 38 X 0.01 


= 38% Replacing X 0.01 with % 


Even more quickly, since 0.38 = 0.38 X 100%, we can simply multiply 0.38 
by 100 and write the % symbol. 

To convert from decimal notation to percent notation, we multiply by 
100%. That is, we move the decimal point two places to the right and write 
a percent symbol. 


To convert from decimal notation to 0.675 = 0.675 X 100% 
percent notation, multiply by 100%. 


That is, 

a) move the decimal point two 0.67.5 Move 2 places 
places to the right and ad to the right. 

b) write a % symbol. 67.5% 


0.675 = 67.5% 


EXAMPLE 4 Of the time off that employees take as sick leave, 0.21 is actu- 
ally used for family issues. Find percent notation for 0.21. 


Data: CCH Inc. 
a) Move the decimal point two places 0.21. 
to the right. bia 
b) Write a % symbol. 21% 
Thus, 0.21 = 21%. & 


EXAMPLE 5 Find percent notation for 5.6. 


a) Move the decimal point two places 5.60. 
to the right, adding an extra zero. 7 


b) Write a % symbol. 560% 
Thus, 5.6 = 560%. O 
EXAMPLE 6 Of those who play golf, 0.149 play 8-24 rounds per year. Find 


percent notation for 0.149. 
Data: U.S. Golf Association 


a) Move the decimal point two places 0.14.9 
to the right. a 
b) Write a % symbol. 14.9% 


Thus, 0.149 = 14.9%. 
Do Exercises 9-14. > 


UY Check Your Understanding 
Reading Check Fill in each blank with either “left” or “right.” 


FOR 
EXTRA © MyLab Math 
HELP 


Find percent notation. 
9, 0.24 10. 3.47 


11. 1 12. 0.05 


Find percent notation for the deci- 
mal notation(s) in each sentence. 


13. Women in Congress. In 2016, 
0.196 of the members of the 
United States Congress were 
women. 


Data: Center for American Women in 
Politics (CAWP) 


14. Lacrosse. In 2016, 824,947 
Americans played lacrosse. Of 
this number of participants, 
0.383 were high school stu- 
dents and 0.051 were college 
students. 


Data: uslacrosse.org 


Answers 


9, 24% 10. 347% 11. 100% 
12.5% 13. 19.6% 14. 38.3%; 5.1% 


RC1. To convert from decimal notation to percent notation, move the decimal 
point two places to the and write a % symbol. 


RC2. To convert from percent notation to decimal notation, replace the % symbol 
with X 0.01 and multiply by 0.01, which means move the decimal point 
two places to the 
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Concept Check Find percent notation for each shaded area. 


a fin 
ja) Write three kinds of notation, as in Example 1 on p. 339. 
1. 90% 2. 58.7% 3. 12.5% 
Db Find decimal notation. 
5. 67% 6. 17% 7. 45.6% 
9. 59.01% 10. 30.02% 11. 10% 
13. 1% 14. 100% 15. 200% 
17. 0.1% 18. 0.4% 19. 0.09% 
21. 0.18% 22. 5.5% 23. 23.19% 
25. 147% 26. 935% 27. 565% 


For Exercises 29-32, find decimal notation for the percent notation. 


PERCENT WITH at | 
GENERATION | AGEIN 2015 | LEAST ONE TATTOO 


Millennials 18-34 47% 
me Gen X 35-50 36% 
31. | Baby Boomers 51-69 13% 
32. | Mature 70+ 10% 


DATA: The Harris Poll (an online survey of 2225 U.S. adults, 
October 14-19, 2015) 
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CC4. 


16. 


20. 


24. 


28. 


. 130% 


- 76.3% 


- 80% 


300% 


0.12% 


87.99% 


613% 
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Find decimal notation for the percent notation(s) in each exercise. 


33. Citations for Truck Drivers. 


From October 2016 
through August 2017, about 17% of law enforcement 
citations of truck drivers were for driving log violations, 
6.7% were for speeding, 6.2% were for failure to wear 
a seat belt, and 5.5% were for driving beyond the 
8-hour limit without a break. 


Data: Federal Motor Carrier Safety Administration 


Find percent notation. 


35. 0.47 36. 0.87 
39. 8.7 40. 4 

43. 0.75 44, 0.99 
47. 0.006 48. 0.008 
51. 0.2718 52. 0.8911 


Find percent notation for the decimal notation(s) in each sentence. 


55. Parts for the Auto Industry. 
seating and interior trim for the U.S. auto industry was 


57. 


In 2015, 0.76 of the 


produced in Canada or Mexico. 


Data: Center for Automotive Research 


Residents Age 14 or Younger. In Egypt, 0.319 of 
the residents are age 14 or younger. In the 

United States, 0.190 of the residents are age 14 

or younger. 


Data: The CIA World Factbook 2017 


34. Panama Canal Expansion. 


37. 


41. 


45. 


49. 


53. 


56. 


58. 


After $5.4 billion was 
spent to expand the Panama Canal, larger transit vessels 
can now move through the locks. Prior to the opening of 
the new locks in June 2016, the monthly tonnage record 
was 30.4 million. In January of 2017, a new monthly 
tonnage record of 36.1 million was set. This was an 
18.75% increase over the previous record. 


Data: Panama Canal Authority 


0.03 38. 0.01 
0.334 42. 0.889 
0.4 46. 0.5 
0.017 50. 0.024 
0.0239 54. 0.00073 


Landline Phones. In 2012, 0.35 of Americans no 
longer had a landline phone. By 2016, 0.54 no longer 
had a landline phone. 


Data: Influence Central 


Graduation Rates. In 2015, the high school gradua- 
tion rate in the United States was 0.832. The dropout 
rate was 0.059. 


Data: National Center for Educational Statistics 
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59. Growth in Digital Play. A recent survey showed that 60. High Blood Pressure. Approximately 0.251 of 


children prefer playing with touch screen devices to American men ages 35—44 have high blood pressure. 
playing with construction blocks and puzzles. Of the 300 For the same age range, 0.190 of women have high 
parents surveyed, 0.62 said that their children “often” or blood pressure. 


“very often” play with touch screens; only 0.49 gave the 
same responses for construction blocks and only 0.38 
for puzzles. 


Data: Centers for Disease Control and Prevention 


Data: Michael Cohen Group: The Wall Street Journal, “Lego Hits Brick Wall 
As Digital Play Grows” by Saabira Chaudhuri 


Find decimal notation for each percent notation in the graph. 


61. Highest Educational Level Completed, 2016 62. Blood Types in 
(by People 25 to 29 Years Old) the United States 
Less than high school Type AB 


Master’s degree 8.3% 


4% 
and higher Type O 
9.2% 44% Tye B 
~ High school 


Associate’s 45.6% 
degree 
10.0% 


Type A 
42% 


26.9% DATA: bloodcenter.stanford.edu 
DATA: National Center for Education Statistics 


Bachelor’s degree 


re Wy L111 ae ce ene ene ee eT eee ee 


63. Find the LCM of 18 and 60. [3.1a] 64. Find the prime factorization of 90. [2.1d] 
5 13 ys 2 2 
65. Solve: 8 +y= 16° [3.3c] 66. Simplify: (12 — 3)" -9+ 5°. [1.9c| 
Be UME cata es Neca sane a pie ans peed onc gta meee eer 
Find percent notation. (Hint: Multiply by a form of 1 and obtain a denominator of 100.) 
67. i. 68 : 69 ae 70 2 
°2 “4 * 10 “5 


Find percent notation for each shaded area. 


71. i En 72. pL 4 
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Percent Notation and Fraction Notation 


(@) CONVERTING FROM FRACTION NOTATION 
TO PERCENT NOTATION 


Convert from fraction notation to decimal notation. [4.5a| 
Find decimal notation. 
11 


1. 16 2. 


MyLab Math 
VIDEO 


Consider the fraction notation 7. To convert to percent notation, we use two 
skills that we already have. We first find decimal notation by dividing: 7 + 8. 


C875. F 
sy7o05 |B 7 O87 
64 

6 0 

5 6 

40 

40 

0 


Ool|n 


Answers: 1. 0.6875 2. 0.5 


Then we convert the decimal notation to percent notation. We move the 
decimal point two places to the right 


0.87.5 
NA 
and write a % symbol: 
7 
g 7 875%, or 875%. 05 =4 
3 . is) Fraction 
To convert from. fraction notation 5 nutaion 
to percent notation, 
a) find decimal notation by 0.6 
division, and a) 30 
30 
0 
b) convert the decimal notation 0.6 = 0.60 = 60% Percent 
to percent notation. 3 notation 
5 60% 


SECTION 6.2 


OBJECTIVES 


a Convert from fraction notation 
to percent notation. 


Db Convert from percent notation 
to fraction notation. 


Converting from 
Fraction Notation to Percent 
Notation A calculator can be 
used to convert from fraction 
notation to percent notation. We 
simply perform the division on the 
calculator and then use the 
percent key. To convert im to 
percent notation, for example, we 
press[1|{7J{=]| 4] 0][2nd][%][=], 
or [1] [7 ][=][4] [0] [SHIFT] [%][=]. 
The display reads 42.5, SO 
io = 42.5%. 


EXERCISES: Use a calculator 
to find percent notation. Round 
to the nearest hundredth of a 
percent. 
1 a 52% a 38.46% 
° 25 ‘oO le 13 e fo) 


43 12 
3. — 110.26% 4. — 171.43% 
39 7 


5 217 0 6% 6 POT aia 
*364°°°°° * g4o1 ~? 
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1 
EXAMPLE 1 Find percent notation for 6 


a) We first find decimal notation by division. 


0.166 
6) 1.000 
6 
40 
3 6 
40 
36 
4 


We get a repeating decimal; 0.166. 


b) Next, we convert the decimal notation to percent notation. We move the 
decimal point two places to the right and write a % symbol. 


0.16.6 
MA 


= 16.6%, 0r 163% 06=% 


HAlrR 


— 


» 9 
Find percent notation. Dow ttorseh ihe asynnol 


i= ae 
* 6 "4 Do Exercises 1 and 2. 
FIRST PERCENT OF WORLD EXAMPLE 2 First Language. The first language of approximately iy of 
LANGUAGE POPULATION the world’s population is Chinese. Find percent notation for 9. 
Chinese ? a) Find decimal notation by division. 
Spanish 5.82% 0.1775 71 
: cee cen aii ~~ = 0.1775 
Bneish as 400)71.0000 400 
| 2 ‘0 
indi 54% 3100 
DATA: The World Almanac 2017; The 2800 
CIA World Factbook 2017; Ethnologue: 3000 
Languages of the World, 17th edition, 2800 
2016 ae 
2000 
2000 
0 
3. Water is the single most b) Convert the answer to percent notation. 
abundant chemical in the 
human body. The body is about 017,75 
z water. Find percent notation a 3 
for 3. 409 = 17-75%, or 177 % 
4. Find percent notation: > Do Exercises 3 and 4. 
Answers 


1. 83.3%, or 833% 2. 25% 
3. 66.6%, or 665% 4. 62.5%, or 625% 


346 ~ CHAPTER6 Percent Notation 


In some cases, division is not the fastest way to convert a fraction to per- 
cent notation. The following are some optional ways in which the conversion 
might be done. 


EXAMPLE 3 Find percent notation for ©. 
We use the definition of percent as a ratio. 


69 ; 
700 = 09% i 


EXAMPLE 4 Find percent notation for 54. 


We want to multiply by 1 to get 100 in the denominator. We think of 
what we must multiply 20 by in order to get 100. That number is 5, so we 
multiply by 1 using 2. 

17 5. 85 
<a SS ie) 
20 5 = 100 oe 


Note that this shortcut works only when the denominator is a factor 
of 100. ) 


EXAMPLE 5 Find percent notation for 4. 


18 18 4 72 
25 25 4 ~~ 100 


72% 


Do Exercises 5-8. > 


CONVERTING FROM PERCENT NOTATION 
TO FRACTION NOTATION 


Convert between mixed numerals and fraction notation. [3.4a| 
Convert to fraction notation. 


5 1 
ik a *, We 
: 2 29 ay 
Answers: 1. ee 2. Ze 
MyLab Math 
To convert from percent notation to 30% Percent notation 
fraction notation, 
ae 30 
a) use the definition of percent as a ae 
: 100 
ratio, and 
eee S , 3 ‘ F 
b) simplify, if possible. i0 Fraction notation 
EXAMPLE 6 Find fraction notation for 75%. 
75 : fi 
75% = 700 Using the definition of percent 
342). 3:28 _.3 
- = = Simplifying 0 


"4:95 425 «4 


SECTION 6.2 


Find percent notation. 


57 
5, 100 
BD. w_9.4 
" O53 25 
76 
=e OH 
4 1 
Dey ae er 
10 8 4 
Answers 
5. 57% 6.76% 7. 70% 8. 25% 
Guided Solution: 
6. 4, 100, 76 


Percent Notation and Fraction Notation : 347 


EXAMPLE 7 Find fraction notation for 62.5%. 


62.5 
62.5% = 00 Using the definition of percent 
= 62.5 - 10 Multiplying by 1 to eliminate the 
100 =10 decimal point in the numerator 
_ 625 
1000 
_ 9112s 315 
~ 8-125 8 «125 teas 
Find fraction notation. 5 Simplifying 
9. 60% ~ 8 rz 
. . . 2 fe) 
10. 3.25% a EXAMPLE 8 Find fraction notation for 167%. 
BW, ADS 2 50 Converting from the mixed 
= l=S 16—-% = —% ; : 
100 100 3 3 numeral to fraction notation 
35) 113) 50 1 ; ekee 
= = =X Using the definition of percent 
400 x 25 3 ~ 100 & P 
Laie sh = 091... 1 
400 25 400 3°50°-2 3:2 50 oe 
I Simplifying 
11 662% 12 at ° 
wa 2 <@ Do Exercises 9-12. 


The table below lists fraction, decimal, and percent equivalents that 
are used so often it would speed up your work if you memorized them. For 
example, } = 0.3, so we say that the decimal equivalent of 4 is 0.3, or that 
0.3 has the fraction equivalent 5. This table also appears on the inside back 


cover of the book. 


Fraction, Decimal,and Percent Equivalents 


FRACTION fee 1 1 it 1 3 1 3 2 1 3 5) 2 7 3 4 p) 7 9 1 
NOTATION HW 8 6 5 4 | 10 3 8 5 2 5 8 3 10 | 4 5 6 8 10 1 


DECIMAL > = = = 
0.1 | 0.125 0.2 | 0.25] 0.3 0.375 | 0.4 | 0.5 | 0.6 | 0.625 0.7 | 0.75 | 0.8 0.875 | 0.9 | 1 
NOTATION 0.166 0.333 0.666 0.833 


10% | 12.5%, | 16.6%, | 20% | 25% |30% | 33.3%, [37.5 %,}40% | 50% | 60% |62.5%,| 66.6%, | 70% | 75 % 180% | 83.3%, |87-5%,] 90% |100% 


PERCENT GE or or or or or or or 
HOTAHON 123% | 163% 334% | 373 % 623% | 663 % 834% | 873% 
EXAMPLE 9 Find fraction notation for 16.6%. 
We can use the table above or recall that 16.6% = 163% = 4. We can 
Find fraction notation. also recall from our work with repeating decimals in Chapter 4 that 0.6 = é. 
13. 33.3% 14. 83.3% Then we have 16.6% = 163% and can proceed as in Example 8. 
Do Exercises 13 and 14. 
Answers 
3 13 2 
1 1 = 
12. 3 13. 3 14. 6 


Guided Solution: 
10. 100, 100, 10,000, 25, 13 
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Y Check Your Understanding 


Reading Check Match each fraction with the equivalent decimal notation from the choices listed below. 
Some choices will not be used. 


a) 0.6 b) 0.2 ce) 0.125 d) 0.675 e) 0.4 f) 0.625 
1 2 3 5 
RC1. 8 RC2. 5 RC3. 5 RC4. 8 


Concept Check Arrange the numbers in each set from smallest to largest. 


il 353 ell — 
ib = OF, OS%Os S Sn D7 2. 1.6, 16—%, —%, 0.54, =, 49 
CC > 0 » 05%, 3, 5%, 5% CC 6, Of hs 40> 054 a Yo 
@ Find percent notation. 
41 36 2) 1 2 7 
1. — 2 . 4, —— Ds 6. — 
100 100 100 100 10 10 
3 9 1 3 7 1 
oo a ee Bios ll. = = 
f 10 : 10 2 ” 4 8 _ 8 
13 = 14 = 15 e 16 : 17 > 18. — 
“5 “Ss 3 3 6 
3 11 13 d 4 17 
19. — 20. — 21. — 22. => 23. — 24. — 
16 ? 16 16 16 2 25 25 
31 17 3 
25. — 26. ~~ Ae 28. —— 
: 20 : 50 50 20 
Find percent notation for the fractions in each sentence. 
29. Taco Filling Preferences. In the United States, 30. Popular Automobile Colors. The three most 
be choose beef as their favorite taco filling. popular colors for automobiles in Asia in 2016 were 
Only 5 choose chicken as their favorite taco white, black, and silver. Of all automobiles in 
filling. Asia, 5s were white, a black, and hi 
Data: Food Network silver. 


Data: AXALTA Coating Systems, “Global Automotive 2016 
Color Popularity Report” 
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In Exercises 31-36, write percent notation for the fractions in the pie chart below. 


How Federal Taxes Were Spent in 2016 
Civilian 1 
federa] Transportation ;— Refundable credits 7 


retirement oe Education 
1 


50 Social 


Security 
6 


Medicaid 


25 
50 
ale 
10 


National defense : 


3 
20 Medicare 


100 
Veterans’ 
oe Interest 


20 


20 
DATA: Committee for a Responsible Federal Budget 


b Find fraction notation. Simplify. 


37. 85% 38. 55% 
42. 835% 43. 16.6% 
47. 0.8% 48. 0.2% 
52. 162% 53. 64% 
57. 0.0325% 58. 0.419% 


350 CHAPTER6 Percent Notation 


31. 


33. 


35. 


39. 62.5% 


44. 66.6% 


25 
49. 25% 


3 
4. 73—% 
5 Ba % 


59. 33.3% 


40. 12.5% 


45. 7.25% 


7 
50. 48—% 
8 


55. 150% 


60. 83.3% 


32. 


34. 


36. 


1 
41. 33-% 
3 


46. 4.85% 


2 
51. BG % 


56. 110% 
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In Exercises 61-66, find fraction notation for the percent notations in the table below. 


U.S. POPULATION BY SELECTED AGE CATEGORIES 


61. 24% 62. 26% 
(Data have been rounded to the nearest percent.) 
PERCENT OF 
AGE CATEGORY | POPULATION 
0-18 years 24% 
19-25 years 9% 
26-34 years 12% 63. 9% 64. 12% 
35-54 years 26% 
55-64 years 13% 
65+ years 15% 
DATA: The Henry J. Kaiser Family 
Foundation; U.S. Census Bureau's 
Current Population Survey (Annual 65. 15% 66. 13% 
Social and Economic Supplements), 
March 2017 


Find fraction notation for the percent notation in each sentence. 


67. 


69. 


A s-cup serving of Post Selects Great Grains® cereal 68. A 1.8-0z serving of Frosted Mini-Wheats®, Blueberry 
with 5 cup of fat-free milk satisfies 15% of the minimum Muffin, with 5 cup of fat-free milk satisfies 35% of the 
daily requirement for calcium. minimum daily requirement for Vitamin Bp. 

Data: Kraft Foods Global, Inc. Data: Kellogg, Inc. 

Smoking Cigarettes. In 2015, 7.4% of Americans 70. Smoking Cigarettes. In the United States in 2015, 
with an undergraduate college degree smoked 16.7% of men 18 years of age or older smoked 
cigarettes. cigarettes, and 13.6% of women in the same age group 


smoked cigarettes. 
Data: Centers for Disease Control and Prevention 8 


Data: Centers for Disease Control and Prevention 


Complete each table. 


71. 


72. 
Fraction Decimal Percent Fraction Decimal Percent 
Notation Notation Notation Notation Notation Notation 
1 12.5%, or 3 
’ 1%. i = —_ ranges O Bares tae asda scaltcott amity 
hasisec nesta anit cane louaraumiceureete beaktereremcaeenones 0.625 
1 
6 
Teer rere eee ee eee eee ee ee eee ee ee ed 2. 
20% : 
0.25 0.75 75% 
33.3%, or 4 
Bee i) Ceca © ogeblesselsusd tecebaosess | nuaeatusteetuasaene 
LaGgrsshtis whens snia| ea seaban te stedee Shee aoe alee eae 5 0) 
37.5%, or 6 sae o 
Bee i peak ent these Sas. 
spo Seeaianaeas acdad laneeanaeanmaaeaaeanseance as 1 87.5%, or 
40% 875 % 
ai iii ioe ian I ec 
2 100% 


SECTION 6.2 Percent Notation and Fraction Notation © 351 


73. 5 . 74. 
Fraction Decimal Percent Fraction Decimal Percent 
Notation Notation Notation Notation Notation Notation 
0.5 40% 
f 62.5%, or 
1 
625% 
25% 0.875 
ies: | oo [Bente Mibereil aeidswebpertseeal ih Sie aos 
162% I 
0.125 0.6 
Siete a Rye assay oes ewnea nial ta sre emreleaus Distasi ha si aaa alalaie este saaieisiee 0.6 
3 
4 
0.83 L 
3 
8 
POM MUE ea a iW COUN ince cas Secs tana cindex vaca cant sehr casln een hava cit Saaecis tahoe vega atcan cae haan ect 
Solve. 
75. 13-x = 910 [1.7b] 76. 15-y = 75 [1.7b] 77. 0.05 X b = 20 [4.4b] 78. 3=0.16Xb [4.4b] 
24 «15 17 x 9 x 7 4 
79. 37 [5.3b] 80. 18 27 [5.3b] 81. 10. 5 [5.3b] 82. -- 2 [5.3b] 
Convert to a mixed numeral. [3.4a] Convert from a mixed numeral to fraction notation. [3.4a] 
ge, 2 ga, 8! 8s. 1014 86. 202, 
4 9 
Add. [3.2a] Subtract. [3.3a] 
1 1 17.33 1 1 10 2 
aos aS oat ee 
Oe gg By ag 5 ae ae 5 Mh og 
POMPOUS cess oe wanes at teenie ncaa anne as eee RIN ee 
Write percent notation. Write decimal notation. 
—— 54 729 , o. 
91. 2.574631 92. 999 93. 7 Yo 94, 1D Yo 
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Solving Percent Problems 


Using Percent Equations 6 « 3 


(@) TRANSLATINGTOEQUATIONS ae 


(a) Translate percent problems 
to percent equations. 


To solve a problem involving percents, it is helpful to translate first to an 
equation. To distinguish the method discussed in this section from that of 
Section 6.4, we will call these percent equations. 


KEY WORDS IN PERCENT TRANSLATIONS 


“Of” translates to “+” or “X” “Ts” translates to “=” 
“What” translates to any letter. “%” translates to “X 7” or “X 0.01” 


Db Solve basic percent problems. 


EXAMPLES Translate each of the following. 
1. 23% of 5S is what? 


gee her 


23% < 5 a This is a percent equation. 
2. What is 11% of 49? Translate to an equation. Do not 
‘; i i) i) | solve. 
a = 11% +: 49 Any letter can be used. 1. 12% of 50 is what? 
Do Exercises 1 and 2. D> 2. What is 40% of 60? 
EXAMPLES Translate each of the following. 
3.3 is 10% of what? 
3 = 10% : b 
4. 45% of what is 23? Translate to an equation. Do not 
i; iF | | / solve. 
45% x b = 23 3. 45 is 20% of what? 


Do Exercises 3 and 4. > 4. 120% of what is 60? 


EXAMPLES Translate each of the following. 
5. 10 is whatpercent of 20? 


Yio yy 4d 
10 = 72) x 


20 
6. What percent of 50 


i 14 
72) - 50 


7? Translate to an equation. Do not 
| solve. 
7 


5. 16 is what percent of 40? 


|<— Bw 


Do Exercises 5 and 6. > 6. What percent of 84 is 10.5? 


Answers 


1. 12% X 50 =a 2a =40% x 60 
3. 45 = 20% Xb 4. 120% x b = 60 
5.16=pxX40 6 px 84= 105 
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Solve equations of the type 

a:x = b, where aand b 
may be in decimal notation. 
[4.4b] 


Solve. 
1. 0.05-x = 830 
2. 8-y = 40.648 


Answers: 1. 16,600 
2. 5.081 


MyLab Math 
VIDEO 


For fiscal year 2017, the U.S. 
government budgeted $835 billion 
for defense (including military 
defense, veterans affairs, and 
foreign policy). Of that amount, 
72.2% was budgeted for military 
defense. What was budgeted for 
military defense? (See Example 7.) 
Data: usgovernmentspending.com 


7. Solve: 
What is 12% of $50? 


8. Solve: 
64% of 55 is what? 


Answers 
7. $6 8. 35.2 
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bd SOLVING PERCENT PROBLEMS 


In solving percent problems, we use the Translate and Solve steps in the 
problem-solving strategy used throughout this text. 

Percent problems are actually of three different types. Although the 
method we present does not require that you be able to identify which type 
you are solving, it is helpful to know them. Each of the three types of percent 
problems depends on which of the three pieces of information is missing. 


1. Finding the amount (the result of taking the percent) 


Example: What is 25% of 60? 
+ vv vy 
Translation: a = 25% -: 60 


2. Finding the base (the number you are taking the percent of) 


Example: 15 is 25% of what? 
Vn rn rr 
Translation: 15 = 25% -: b 


3. Finding the — number (the percent itself) 


Example: is whatpercent of 60? 
Translation: 15 = ‘ 
Finding the Amount 


EXAMPLE 7 What is 72.2% of $835,000,000,000? 
Translate: a = 72.2% X 835,000,000,000. 


Solve: The letter is by itself. To solve the equation, we convert 72.2% to 
decimal notation and multiply: 


a = 72.2% X 835,000,000,000 
= 0.722 X 835,000,000,000 = 602,870,000,000. 


Thus, $602,870,000,000 is 72.2% of $835,000,000,000. The answer is 
$602,870,000,000. 


«@ Do Exercise 7. 


EXAMPLE 8 120% of 42 is what? 
Translate: 120% X 42 = 


Solve: The letter is by itself. To solve the equation, we carry out the 
calculation: 


a = 120% X 42 
a=1.2 xX 42 120% = 1.2 
= 50.4. 


Thus, 120% of 42 is 50.4. The answer is 50.4. 


<@ Do Exercise 8. 


Finding the Base 


EXAMPLE 9 8% of what is 32? 
Translate: 8% X b = 32. 


Solve: This time the letter is not by itself. To solve the equation, we divide 
by 8% on both sides: 


8% Xb 32 
a = go, _ Dividing by 8% on both sides 
32 
=~ 8% = 0.08 
aoe Te 
b = 400. 
Thus, 8% of 400 is 32. The answer is 400. e 


EXAMPLE 10 $3 is 16% of what? 


Translate: $3 is 16% of what? 


,yy vy 
3 


= 16% xX b 


Solve: To solve the equation, we divide by 16% on both sides: 


3 16% Xb 

16% 7 Dividing by 16% on both sides 
3 

016 16% = 0.1 

0.16 6% 6 

18.75:= bd. 


Thus, $3 is 16% of $18.75. The answer is $18.75. 
Do Exercises 9 and 10. > 


Finding the Percent Number 


In solving these problems, you must remember to convert to percent nota- 
tion after you have solved the equation. 


EXAMPLE 11 374,000 is what percent of 561,000? 
Translate: 374,000 is what percent of 561,000? 


4 bY | 


374,000 = Dp x 561,000 


Solve: To solve the equation, we divide by 561,000 on both sides and convert 
the result to percent notation: 


p X 561,000 = 374,000 
p X 561,000 374,000 
561,000 561,000 
p = 0.666 
P = 66.6%, or 663 %. 


Dividing by 561,000 on both sides 


Converting to decimal notation 


Converting to percent notation 


Thus, 374,000 is 665 % of 561,000. The answer is 667%. e 


A survey of a group of people found 
that 8% of the group, or 32 people, 
chose cookies and cream as their 
favorite milkshake. How many peo- 
ple were surveyed? (See Example 9.) 


Solve. 


9. 20% of what is 45? 
20% of what is 45? 


tits 


Yee ip 
20% +b 45 
20% % 

_ 45 
ww 
yy 


ee 


Of the 561,000 single-family homes 
sold in 2016, 374,000 had a two-car 
garage. What percent of the houses 
had a two-car garage? 

Data: U.S. Census Bureau 


Answers 
9. 225 10. $50 


Guided Solution: 
9, 20, 45, 20, b, 225 
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Solve. EXAMPLE 12 What percent of $50 is $16? 
Translate: What percent of $50 is $16? 


11. 16 is what percent of 40? res a | | | ‘ 


is what percent of 40? 


ui yy 4 an 


Solve: To solve the equation, we divide by 50 on both sides and convert the 


16 if b result to percent notation: 
ob px 350 16 aes ; 

16 = Dividing by 50 on both sides 
—=p 50 50 

40 16 

0.4 = p P~ 50 

% = p p = 0.32 

Pp = 32%. Converting to percent notation 


12, ‘What percent of $84 is $10.50? Thus, 32% of $50 is $16. The answer is 32%. 


«@ Do Exercises 11 and 12. 


Hdauid smmnecals eae sshesmoedecenadenees eae eeu Caution! saa de.s saied geste ehe ees eau SaRSROES SESE aes 


When a question asks “what percent?”, be sure to give the answer in 
percent notation. 


Using Percents in Computations Many calculators have a [%| key that can be used in computations. (See the Calculator 


Corner on page 340.) For example, to find 11% of 49, we press [1 |[1|[2nd][%][X][4][9 ][=], or [4] [9 ][K][4 ][ 1] [SHIFT] [%] [=]. The 
display reads 5.39 |, So 11% of 49 is 5.39. 


In aru 9, we performed the computation 32/8%. To use the [%] key in this computation, we press [3 ][2 ][=][8 |[2nd][% 


[2 ][=][8 ] [SHIFT] [%] [=]. The result is 400. 


na the [%] key to find the percent number in a problem. In Example 11, for instance, we answered the question 


percent of 561,000?” On a calculator, we press [3][7][4][0][0][0][=][5][6][4][0[0][0][2nd][%][=], or 
0 01 ][5][6][4] [0] [0] [0] [SHIFT] [%] [=]. The result is 66.6, so 374,000 is 66.6% of 561,000. 


EXERCISES: Use a calculator to find each of the following. 
1. What is 12.6% of $40? 2. 0.04% of 28 is what? 
3. 8% of what is 36? 4. $45 is 4.5% of what? 
5. 23 is what percent of 920? 6. What percent of $442 is $53.04? 


Answers 
1. 40% 12. 12.5%, or 125% 


Guided Solution: 
11. =, 40, 40, 40, 40 
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Yi Check Your Understanding 


Reading Check Match each question with the correct translation from the list on the right. 


RC1. 18 is 40% of what? 


RC2. What percent of 45 is 18? 


RC3. What is 40% of 45? 


RC4. 0.5% of 1200 is what? 


RCS. 6 is what percent of 1200? 


RC6. 6 is 0.5% of what? 


a) 6 = 0.5%+b 
b) 6 = p- 1200 

c) 18 = 40%-b 
d) 0.5% +1200 = a 
e) p45 = 18 

f) a = 40% -45 


Concept Check Choose from the list on the right the most appropriate first step in solving each equation. 


CC1. 5% X b = 400 
CC2. 40 = p x 400 
CC3. 100 = 10% x b 
CC4. p X 850 = 85 


as Translate to an equation. Do not solve. 


1. What is 32% of 78? 


4. What percent of 25 is 8? 


b Translate to an equation and solve. 


7. What is 85% of 276? 


10. 100% of 13 is what? 


13. 3.8% of 50 is what? 


2. 


11. 


14. 


98% of 57 is what? 


- 13 is 25% of what? 


. What is 74% of 53? 


a) Divide by 100 on both sides 


b) Divide by 850 on both sides 


c) Divide by 400 on both sides 
d) Divide by 85 on both sides 
e) Divide by 0.05 on both sides 


f) Divide by 0.1 on both sides 


3. 89 is what percent of 99? 


6. 21.4% of what is 20? 


9. 150% of 30 is what? 


What is 6% of $300? 12. What is 4% of $45? 


1 
333 % of 480 is what? 15. $39 is what percent of $50? 


(Hint: 334% = 3.) 


SECTION 6.3 


Solving Percent Problems Using Percent Equations 


357 


16. $16 is what percent of $90? 17. 20 is what percent of 10? 18. 60 is what percent of 20? 


19. What percent of $300 is $150? 20. What percent of $50 is $40? 21. What percent of 80 is 100? 
22. What percent of 60 is 15? 23. 20 is 50% of what? 24. 57 is 20% of what? 

25. 40% of what is $16? 26. 100% of what is $74? 27. 56.32 is 64% of what? 

28. 71.04 is 96% of what? 29. 70% of what is 14? 30. 70% of what is 35? 

31. What is 625% of 10? 32. What is 355% of 1200? 33. What is 8.3% of $10,200? 
34. What is 9.2% of $5600? 35. 2.5% of what is 30.4? 36. 8.2% of what is 328? 


SITEL MR UIV ETT CE svc acecci ceca es cece Sede a pwecscssnschsnsnsecevshnnccebedxdiccaeband lava vavincdccbnssGatesn tecsisoesucbndexecaasblnieds 


Write fraction notation. [4.1b] Write decimal notation. [4.1b] 
3 17 
37. 0.9375 38. 0.125 —— —— 
a 10 ” 1000 

Simplify. [1.9c] 
41. 3+ (8 — 6)-2 42. 2-7- (5+ 1) 
SSM IVINS NGS ces uss ny pester nce eee Schepens Stepan esnihdaslnes cube vad nde acectalbtti apdnspi Measuiteet dors 
Solve. 
43. $2496 is 24% of what amount? 44, What is 38.2% of $52,345.79? 

Estimate Estimate 

Calculate Calculate 


45. 40% of 183 % of $25,000 is what? 
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Solving Percent Problems 


Using Proportions* 


(@) TRANSLATING TO PROPORTIONS 


A percent is a ratio of some number to 100. For example, 6% is the ratio 7%. 
The numbers 9,660,000 and 161,000,000 have the same ratio as 6 and 100. 


6 _ 9,660,000 
100 161,000,000 
1 


I 
|_| 9,660,000 
I I 


To solve a percent problem using a proportion, we translate as follows: 


6% 


Number —~> N a<— Amount 


100 —+100  pb<——Base 


You might find it helpful to read this as 
“part is to whole as part is to whole.” 


For example, 60% of 25 is 15 translates to 


60 _ 15 <— Amount 
100 25 <——Base 


A clue for translating is that the base, b, corresponds to 100 and usually 
follows the wording “percent of.” Also, N% always translates to N/100. 
Another aid in translating is to make a comparison drawing. To do this, we 
start with the percent side and list 0% at the top and 100% near the bottom. 
Then we estimate where the specified percent —in this case, 60% —is located. 
The corresponding quantities are then filled in. The base—in this case, 25— 
always corresponds to 100%, and the amount—in this case, 15—corresponds 
to the specified percent. 


Percents Quantities Percents Quantities Percents Quantities 

0% + 0 0% — 0 0% + 0 
= 60% =e 60% = 15 

100% =e 100% =o 100% =e 25 


15 


0 
The proportion can then be read easily from the drawing: a = 55" 


*Note: This section presents an alternative method for solving basic percent problems. 
‘You can use either equations or proportions to solve percent problems, but you might 
prefer one method over the other, or your instructor may direct you to use one method 
over the other. 


6.4 


OBJECTIVES 


fa Translate percent problems 
to proportions. 


b Solve basic percent problems. 


In the United States, approximately 
6% of the labor force is age 65 

or older. In 2017, there were 
approximately 161,000,000 people 
in the labor force. This means that 
about 9,660,000 workers were age 
65 or older. 


Data: U.S. Department of Labor; 
U.S. Bureau of Labor Statistics 


SECTION 6.4 Solving Percent Problems Using Proportions 359 


Translate to a proportion. 
Do not solve. 


EXAMPLE 1 Translate to a proportion. 


23% of 5 is what? 
23 a 


100. 5 


EXAMPLE 2 Translate to a proportion. 


What is 124% of 49? 
124 a 


100 49 


1. 12% of 50 is what? 


2. What is 40% of 60? 


3. 130% of 72 is what? 


<«@ Do Exercises 1-3. 


EXAMPLE 3 Translate to a proportion. 


3 is 10% of what? 
10 3 


100 b 


EXAMPLE 4 Translate to a proportion. 


45% of what is 23? 
45 23 


100 »b 


Translate to a proportion. Do not 


solve. 


4. 45 is 20% of what? 


5. 120% of what is 60? 


< Do Exercises 4 and 5. 


EXAMPLE 5 Translate to a proportion. 


10 is what percent of 20? 


N _10 
100 = 20 


Answers 
12 a 40 a 130 a 
100 §=50 = 100 60 ~° 100 72 
20 =45 120 +60 
"100 b ~“' 100 5b 
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Percents Quantities 
0% + 0 
23% = a 
100% + 5 
O 
Percents Quantities 
0% + 0 
100% + 49 
124% = a 
Percents Quantities 
0% —————— 0 
10% + 3 
100% + ______p 
‘e) 
Percents Quantities 
0% + 0 
45% + 23 
100% + b 
Percents Quantities 
0% +z 0 
N% + 10 
100% z 20 
O 


EXAMPLE 6 Translate to a proportion. 


What percent of 50 is 7? 
en 
100 = 50 


Db SOLVING PERCENT PROBLEMS 


Percents Quantities 
0% ——————0 
N% += 7 
100% + 50 


Do Exercises 6 and 7. > 


Solve proportions. {5.3b| 
Solve. 
ee 2 438 
100 »b 20 ~=100 


MyLab Math 
VIDEO 


Answers: 1. 900 2. 21.5 


After a percent problem has been translated to a proportion, we solve as in 


Section 5.3. 


EXAMPLE 7 5% of what is $20? 


Translate: 2 = = 
100 b 


Solve: 5+ b = 100-20 Equating cross products 


5°) _ 102) Dividing by 5 
5 5 
_ 2000 
> 
b = 400 Simplifying 


Thus, 5% of $400 is $20. The answer is $400. 


EXAMPLE 8 120% of 42 is what? 


(120 a 
Translate: 100 ~ 42 
Solve: 120: 42 = 100°a 

120-42 100-a 
100 100 

5040 _ 

100 

50.4 =a 


Equating cross products 


Dividing by 100 
Simplifying 


Thus, 120% of 42 is 50.4. The answer is 50.4. 


Percents Quantities 
0% 0 
5% + 20 
100% + b 


Do Exercise 8. D 


Percents Quantities 
0% am 0 
100% + 42 
120% + a 


Do Exercises 9 and 10. D> 


SECTION 6.4 


Translate to a proportion. Do not 
solve. 


6. 16 is what percent of 40? 


7. What percent of 84 is 10.5? 


pcs) 8. Solve: 20% of what is $45? 


ee __| 
b 
20:b = 100: 
20b _ 100-45 
20 
4500 
Oh 
b — 
Solve. 


pcs) Omedoner catenin 


64 =a 
= 
-55 = 100-a 
64°55 100-a 
100 
Tin = 
—— tb 


10. What is 12% of 50? 


Answers 
N 16 N 10:5 


e 100 40 ~* 100 84 
9. 35.2 10. 6 


Guided Solutions: 
8. 100, 45, 45, 20, 225 


9. 55, 64, 100, 3520, 35.2 
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EXAMPLE 9 210 is 10}% of what? 


210 ~=10.5 
Translate: —— = 


= 103% = 10.5% 
b 100 7 ‘ 


Solve: 210-100 = b+ 10.5 Equating cross products 
210-100 _-b-10.5 


Dividing by 10.5 


10.5 10.5 
21,000 ees ble sanpes 
10.5 =b Multiplying and simplifying 
2000 = b Dividing 
Thus, 210 is 103% of 2000. The answer is 2000. 
11. Solve: 
60 is 120% of what? < Do Exercise 11. 


EXAMPLE 10 = $10 is what percent of $20? 


12. Solve: res 10 N 


$12 is what percent of $40? Translate: 20 100 
a = pee Solve: 10-100 = 20-N Equating cross products 
Q DOSIOO DON aes ay 
; Sine = —— ividin 
100 = 40-N 0 20 8 bY 
12-100 | 40: N 1000 _ Multiplyj d simplifvi 
40 a ultiplying and simplifying 
ay Dividing Note when solving percent 
—=N is problems using proportions 
40 Thus, $10 is 50% of $20. The answer is 50%. | that Nis a percent and need 
30 = N not be converted. 


Thus, $12 is 30 of $40. 
< Do Exercise 12. 


EXAMPLE 11 What percent of 50 is 16? 


Transtare: N. = 16 
ranstate: 100 = 50 


Solve: 50: N = 100-16 Equating cross products 


50-N — 100-16 Dividing by 50 
= ividin 
50 50 an 
1600 — ee 
= 50. Multiplying and simplifying 
N = 32 Dividing 
Thus, 32% of 50 is 16. The answer is 32%. 
13. Solve: 
What percent of 84 is 10.5? Do Exercise 13. 
Answers 
11. 50 12. 30% = 13. 12.5%, or 125% 
Guided Solution: 


12. 100, 12, 40, 1200; % 
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Reading Check Match each question with the correct translation from the list on the right. 


RC1. 70 is 35% of what? 


RC2. 70 is what percent of 200? 


RC3. What is 35% of 200? 


RC4. 74.8 is 110% of what? 


BO as 0 8 
100 68 b 100 
a 35 74.8 N 

) 500 100 ” 6s ~ 100 

py ieee 74.8 _ 110 

*) 500 100 B 100 


RCS. What percent of 68 is 74.8? 


RC6. 110% of 68 is what? 


Concept Check Select from the list on the right an equation equivalent to the given proportion. 


64 16 
CCl. 100 

6.5 N 
CC2. 43 «100 


1. What is 37% of 74? 


4. What percent of 6.8 is 5.3? 


2. 


b Translate to a proportion and solve. 


7. What is 76% of 90? 


10. 80% of 920 is what? 


13. 4.8% of 60 is what? 


16. $14 is what percent of $70? 


19. What percent of $480 is $120? 


11. 


14. 


17. 


20. 


a) 
b) 


Translate to a proportion. Do not solve. 


66% of 74 is what? 


13-100 = 6.5-N 
64-100 = b-16 
64-b = 16-100 
6.5-100 = 13-N 
6.5°13 = N-100 
64-16 = 5-100 


3. 4.3 is what percent of 5.9? 


. 14is 25% of what? 


. What is 32% of 70? 


What is 130% of 352? 


63.1% of 80 is what? 


102 is what percent of 100? 


What percent of $80 is $60? 


SECTION 6.4 


12. 


15. 


18. 


21. 


. 133% of what is 40? 


. 70% of 660 is what? 


What is 225% of 83? 


$24 is what percent of $96? 


103 is what percent of 100? 


What percent of 160 is 150? 


Solving Percent Problems Using Proportions 


363 


22. What percent of 33 is 11? 23. $18 is 25% of what? 24. $75 is 20% of what? 


25. 60% of what is 54? 26. 80% of what is 96? 27. 65.12 is 74% of what? 
28. 63.7 is 65% of what? 29. 80% of what is 16? 30. 80% of what is 10? 

31. What is 625 % of 40? 32. What is 435% of 2600? 33. What is 9.4% of $8300? 
34. What is 8.7% of $76,000? 35. 80.8 is 40=% of what? 36. 66.3 is 10=% of what? 


STEN PUA UVR ET INCE cede cites dec Seaccs Shirca rated Pe LS Risse bade eee ited ce hee shed ected tide bi Beearbccboheeiste 
Solve. [5.3b] 


ee go ip, Pe 
“188 47 “xy 800 * 100 20 “ft 244 


Solve. 


41. A recipe for muffins calls for 5 qt of buttermilk, 5 qt of 42. The Ferristown School District purchased 3 ton (T) 
skim milk, and ik qt of oil. How many quarts of liquid of clay. If the clay is to be shared equally among the 
ingredients does the recipe call for? [3.2b] district’s 6 art departments, how much will each art 

department receive? [2.7d| 


PUR NN SN nsec senetepeciseconaneses laser ncaa aca deepens natensntucnpenstbsansane psi aeatSoedmatsenleeorennseieesansiananiee, 


Solve. 


43. 8) What is 8.85% of $12,640? 


Estimate 
Calculate 
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44, #) 78.8% of what is 9809.024? 


Estimate 
Calculate 


Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. When converting decimal notation to percent notation, move the decimal point two places to the right 
and write a percent symbol. [6.1b] 


2. The symbol % is equivalent to X 0.10. [6.La] 
3. Of the numbers 75, 1%, 0.1%, and jj, the smallest number is 0.1%. [6.1], [6.2a, b] 


Guided Solutions 


pcs) Fill in each blank with the number that creates a correct statement or solution. [6.1b], [6.2a,b] 


1 i dl 1 80 
9 => . => —_—__-_ Eso CU 9 
- 2D @ 2 2 1000 ~=—- 100 @ 
6. 5.5% = = al bh O35 = == = = = EL 
me" 100 1000 et 1000 100 e 
8. Solve: 15 is what percent of 80? [6.3b] 
15 =px Translating 
1S x are ; 
=e Dividing on both sides 
15 
— = Simplifying 
= Dividing 
% =p Converting to percent notation 
Mixed Review 
Find decimal notation. [6.1b] 4 
9. 28% 10. 0.15% 11. 53% 12. 240% 
Find percent notation. [6.1b], [6.2a] 
9 3 
b (0, i rea 15. 0.3891 16. — 
13. 0.71 14 100 5. 0.389 6. 16 
3y/ 5 
b Wy Aaa b 20. = 
17. 0.005 18 50 19. 6 0 G 
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Find fraction notation. Simplify. [6.2b] ; 
21. 85% 22. 0.048% 23. 227% 24. 16.6% 


Write percent notation for the shaded area. [6.2a] 
25. 26. 


Solve. [6.3b], [6.4b] 


27. 25% of what is 14.5? 28. 220 is what percent of 1320? 
29. What is 3.2% of 80,000? 30. $17.50 is 35% of what? 
31. What percent of $800 is $160? 32. 130% of $350 is what? 


33. Arrange the following numbers from smallest to largest. [6.1b], [6.2a, b] 


ie 13 3 7 
=%o,, S%,, O279, = 1%, O.11%, W059, ==, ==, 0% 
2 % ? % ? Tl ? 100’ > % ? % 2 10’ 20’ 
1 
34. Solve: 8.5 is 25% of what? [6.3b], [6.4b] 35. Solve: $102,000 is what percent of 
A. 3.4 B. 21.25 $3.6 million? [6.3b], [6.4b] 
= 5) 
C. 0.2125 D. 340 A. $2.83 million B. 2% 
C. 0.0283% D. 28.3% 
Understanding Through Discussion and Writing 
36. Is it always best to convert from fraction notation to 37. Suppose we know that 40% of 92 is 36.8. What is a quick 
percent notation by first finding decimal notation? way to find 4% of 92? 400% of 92? Explain. [6.3b] 
Why or why not? [6.2a| 
38. In solving Example 10 in Section 6.4 a student 39. What do the following have in common? 
simplifies 3? before solving. Is this a good idea? Explain. [6.1b], [6.2a, b] 
Why or why not? [6.4b] 
230 eolS BO 0 4375 
a cree er ee ASOT DIO ll eee 
16’ 2000’ 2: 144’ 16’ Bes 10,000 
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STUDYING FORSUCCESS Make the Most of Your Time in Class 


{_]) Before each class, try to at least glance at the section in your text that will be covered, so you can 
concentrate on the instruction in class. 


{-} Geta great seat! Sitting near the front will help you hear instruction more clearly and avoid distractions. 


{_) Let your instructor know in advance if you must miss class, and do your best to keep up with any work 
that you miss. 


Applications of Percent 


i APPLIED PROBLEMS INVOLVING PERCENT 


Applied problems involving percent are not always stated in a manner easily 
translated to an equation. In such cases, it is helpful to rephrase the problem 
before translating. Sometimes it also helps to make a drawing. 


OBJECTIVES 


a Solve applied problems 
involving percent. 


b Solve applied problems 
involving percent increase 
or percent decrease. 


EXAMPLE 1 Transportation to Work. In the United States, there were 
about 148,000,000 workers in 2015. Approximately 76.6% of those workers 
drove to work alone. How many workers drove to work alone? 


Transportation to Work in the United States, 2015 

Taxicab 0.1% Motorcycle 0.2% 
Bicycle 0.6% 
Other means 0.9% 
Walked 2.8% 


Worked at home 4.6% 


Drove alone 76.6% 


Public transportation 5.2% 


Carpooled 9.0% 


DATA: U.S. Department of Transportation 


1. Familiarize. We can simplify the pie chart shown above to help 
familiarize ourselves with the problem. We let a = the total number of 
workers who drove to work alone. 


Transportation to Work in the United States, 2015 


Percent of 
workers who 
drove alone 

76.6% 


Workers who 
drove alone, a 


Percent of Workers who chose 
other means of 


transportation 


workers who chose 
other means of 
transportation 
23.4% 


Total: 100% Total: 148,000,000 
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1. 


Transportation to Work. 
There were about 148,000,000 
workers in the United States in 
2015. Approximately 9.0% of 
them carpooled to work. How 
many workers carpooled to 
work? 


Data: U.S. Census Bureau; American 
Community Survey 


Answer 
1. 13,320,000 workers 
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2. Translate. There are two ways in which we can translate this problem. 
Percent equation (see Section 6.3): 


What number is 76.6% of 148,000,000? 


a = 76.6% + 148,000,000 
Proportion (see Section 6.4): 


76.6 _ a 
100 148,000,000 


3. Solve. We now have two ways in which to solve the problem. 
Percent equation (see Section 6.3): 
a = 76.6% + 148,000,000 
We convert 76.6% to decimal notation and multiply: 
a = 0.766 + 148,000,000 = 113,368,000. 


Proportion (see Section 6.4): 


76.6 a 
100 148,000,000 
76.6 * 148,000,000 = 100-a Equating cross products 
76.6° — = oe Dividing by 100 
11,336,800,000 
1022S 
113,368,000 = a Simplifying 


4. Check. To check, we can repeat the calculations. We also can do a 
partial check by estimating. Since 76.6% is about 75%, or 3, and - of 
148,000,000 is 111,000,000, which is close to 113,368,000, our answer is 
reasonable. 


5. State. The number of workers who drove to work alone in 2015 was 
113,368,000. 


< Do Exercise 1. 


EXAMPLE 2 Rescuing Sea Lions. Marine mammal rescue groups, such 
as Pacific Marine Mammal Center and the Marine Mammal Care Center, 
gather valuable knowledge of the ocean as they rescue, rehabilitate, and 
release marine mammals along the coast of California. From 1975 through 
October 13, 2015, 20,400 marine mammals were rescued along this coast- 
line, and of this number 12,837 were sea lions. What percent of the rescued 
marine mammals were sea lions? 


Data: The Marine Mammal Center; ocregister.com, “Tangled whales and stranded sea lions 
off California prompt legislation to help fund marine-life rescue groups” by Erika Ritchie; 
Earth Island Journal, September 22, 2017, “Marine Mammals Are Suffering from a Life- 
threatening Toxin off California’s Coast” by Jeremy Miller 


1. Familiarize. The question asks for the percent of the rescued marine 

mammals that were sea lions. We note that 20,400 is approximately 

13,000 = 13 

20,000 and 12,837 i imately 13,000. Since 13,000 is —~ Bal 

,000 and 12,837 is approximately 13, Since 13,000 is 20,000" OF 5 

or 65% of 20,000, our answer should be close to 65%. We let p = the 
percent of the rescued marine mammals that were sea lions. 


2. Translate. There are two ways in which we can translate this 
problem. 


Percent equation: 


12,837 is what percent of 20,400? 
a! 


(4 


12337 = p - 20,400 
Proportion: 
N _ 12,837 
100 20,400 


For proportions, N% = p. 
3. Solve. We now have two ways in which to solve the problem. 
Percent equation: 
12,837 = p+ 20,400 
12,837 _ p+ 20,400 
20,400  —- 20,400 


Dividing by 20,400 on both sides 


12,837 _ 
20,400 ? 
0.629 ~ p Finding decimal notation and rounding 
to the nearest thousandth 
62.9% ~ p Remember to find percent notation. 


Note here that the solution, p, includes the % symbol. 
Proportion: 


N _ 12,837 
100 20,400 
N- 20,400 = 100: 12,837 Equating cross products 
= ae = oe Dividing by 20,400 on both sides 
_ 1,283,700 
~~ 20,400 


N ~ 62.9 Dividing and rounding to the 
nearest tenth 


We use the solution of the proportion to express the answer to the prob- 
lem as 62.9%. Note that in the proportion method, N% is equal to p in 
the percent equation above. 


4. Check. To check, we note that the answer 62.9% is close to 65%, as 
estimated in the Familiarize step. 


5. State. About 62.9% of the rescued marine mammals were sea lions. 


Do Exercise 2. > 


2. Presidential Assassinations in 
Office. Of the 43 different 
USS. presidents, 4 have been 
assassinated while in office. 
These were James A. Garfield, 
William McKinley, Abraham 
Lincoln, and John F. Kennedy. 
What percent have been 
assassinated in office? 


Answer 
2. About 9.3% 
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New price: $21,682.30 
Increase t 


Former price: $20,455 


Original price: $20,455 
Decrease J 
New value: $15,341.25 


3. Percent Increase. The price 
of a car is $36,875. The price is 
increased by 4%. 

a) How much is the increase? 


b) What is the new price? 


4. Percent Decrease. The value 
of a car is $36,875. The car 
depreciates in value by 25% 
after one year. 

a) How much is the decrease? 


b) What is the depreciated 
value of the car? 


Answers 
3. (a) $1475; (b) $38,350 
4. (a) $9218.75; (b) $27,656.25 
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b PERCENT INCREASE OR DECREASE 


Divide using decimal notation. |4.4a] 
Divide. 
ik, 22S = 375 


MyLab Math 
VIDEO 


Percent is often used to state an increase or a decrease. Let’s consider an 
example of each, using the price of a car as the original number. 


2s BO = DA! 
Answers: 1. 0.6 2. 0.15 


Percent Increase 


One year a car sold for $20,455. The manufacturer decides to raise the price 
of the following year’s model by 6%. The increase is 0.06 X $20,455, or 
$1227.30. The new price is $20,455 + $1227.30, or $21,682.30. Note that the 
new price is 106% of the former price. 


ee 


uN A 


New price: Increase Percent increase 
$21,682.30 


The increase, $1227.30, is 6% of the former price, $20,455. The percent 
increase 1s 6%. 


Percent Decrease 


Abigail buys the car described above for $20,455. After one year, the car 
depreciates in value by 25%. The decrease is 0.25 X $20,455, or $5113.75. 
This lowers the value of the car to $20,455 — $5113.75, or $15,341.25. Note 
that the new value is 75% of the original price. If Abigail decides to sell the 
car after one year, $15,341.25 might be the most she could expect to get for it. 


$20,455 100% 


A 


~~" 
Depreciated Decrease 
value 


25% 


Percent decrease 


The decrease, $5113.75, is 25% of the original price, $20,455. The percent 
decrease is 25%. 


< Do Exercises 3 and 4. 


When a quantity is decreased by a certain percent, we say that this is a 
percent decrease. 


EXAMPLE 3 Dow Jones Industrial Average. The Dow Jones Industrial 
Average (DJIA) plunged from 11,143 to 10,365 on September 29, 2008. 
This was the largest one-day point drop in its history. What was the percent 
decrease? 

Data: The Wall Street Journal, Market Data Center, October 1, 2017 


1. Familiarize. We first determine the amount of decrease and then make 
a drawing. 


11,143 Opening average 
—10,365 Closing average 
778 Decrease 


11,143 


We are asking this question: The decrease is what percent of the opening 
average? We let p = the percent decrease. 


2. Translate. There are two ways in which we can translate this problem. 


Percent equation: 


778 is what percent of 11,143? 
a 


Y Y an 


778 = Dp x 11,143 

Proportion: Percents Quantities 

0% x 0 

N _ 72 N% + 7718 
100 11,143 = 

For proportions, N% = p. Z 

3. Solve. We now have two ways in 100% $44 143 
which to solve the problem. + 


Percent equation: 
778 = p X 11,143 
778 _ p X 11,143 
11,143 11,143 


Dividing by 11,143 on both sides 


778 | 
1143 
0.07 ~ p 
71% ~ p Converting to percent notation 
Proportion: 
N _ 728 
100.—s:11,143 


11,143 x N = 100 X 778 Equating cross products 
11,143 x N _ 100 x 778 
11,143 11,143 

__ 77,800 
~ 11,143 
N=7 


Dividing by 11,143 on both sides 


We use the solution of the proportion to express the answer to the 
problem as 7%. Note that N% is equal to p in the percent equation 
above. 
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5. Volume of Mail. The volume 4. Check. To check, we note that, with a 7% decrease, the closing Dow 


of U.S first-class single piece average should be 93% of the opening average. Since 
mail decreased from about 
42.3 billion pieces in 2007 93% X 11,143 = 0.93 X 11,143 = 10,363, 


to 19.7 billion pieces in 
2016. What was the percent 
decrease? 


and 10,363 is close to 10,365, our answer checks. (Remember that we 
rounded to get 7%.) 


5. State. The percent decrease in the DJIA was approximately 7%. 


Data: U.S. Postal Service 


< Do Exercise 5. 


When a quantity is increased by a certain percent, we say that this is a 
percent increase. 


EXAMPLE 4 Spending on Restaurant Meals. The average American 
household spent $2787 on restaurant meals and takeout in 2014. The average 
amount spent increased to $3008 in 2015. What was the percent increase in 
the amount spent on restaurant meals and takeout? 


Data: Fool.com, “Here’s What the Average American Spends on Restaurants and Takeout” by 
Maurie Backman, January 1, 2017 


1. Familiarize. We first determine the increase in the amount spent and 
then make a drawing. 


$3008 Amount spent in 2015 
— 2787 Amount spent in 2014 
$221 Increase 


$2787 100% 


We are asking this question: The increase is what percent of the original 
amount spent? We let p = the percent increase. 


2. Translate. There are two ways in which we can translate this problem. 


Percent equation: 


221 is whatpercent of 2787? 


0a. en ee 


221 = D x 2787 
Proportion: Percents Quantities 
0% 0 
NU = 221 N% 221 
100 = 2787 
For proportions, N% = p. 
100% 2787 


Answer 
5. About 53.4% 
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3. Solve. We have two ways in which to solve the problem. 
Percent equation: 


oT = pe 2787 
221 _ p X 2787 


Dividing by 2787 on both sides 


2787-2787 
221 
Vey = 
0.079 ~ p 
7.9% = p Converting to percent notation 
Proportion: 
N _ 221 
100 =. 2787 


2787 X N = 100 X 221 Equating cross products 
2787 X N _ 100 X 221 


2787 2787 
__ 22,100 


~ BaF 
N ~ 79 


Dividing by 2787 on both sides 


We use the solution of the proportion to express the answer to the prob- 
lem as 7.9%. Note that N% is equal to p in the percent equation above. 


4. Check. To check, we take 7.9% of 2787: 
7.9% X 2787 = 0.079 X 2787 ~ 220. 


Since 220 is close to 221, our answer checks. (Remember that we 
rounded to get 7.9%.) 


5. State. The percent increase in the amount spent on restaurant meals 
and takeout was about 7.9%. 


Do Exercise 6. > 


. Spending on Groceries. The 


average American household 
spent $3971 on groceries in 
2014. The average amount 
spent increased to $4015 in 
2015. What was the percent 
increase in the amount spent 
on groceries? 


Data: Fool.com, “Here’s What the 
Average American Spends on 
Restaurants and Takeout” by Maurie 
Backman, January 1, 2017 


Answer 
6. About 1.1% 
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. Distance Walked. After 

a knee replacement, Alex 
walked } mi each morning 
and + mi each afternoon. How 
much farther did he walk in 
the afternoon? 


. Stock Prices. A stock sold 
for $5 per share on Monday 
and only $2.125 per share on 
Friday. What was the percent 
decrease from Monday to 
Friday? 


. SAT Score. After attending 
a class titled “Improving Your 
SAT Scores,” Jacob raised 

his total score from 884 to 
1040. What was the percent 
increase? 


. Change in Population. 

The population of a small 
farming community decreased 
from 1040 to 884. What was 
the percent decrease? 


. Lawn Mowing. During the 
summer, brothers Steve and 
Rob earned money for college 
by mowing lawns. The largest 
lawn that they mowed was 

2§ acres. Steve can mow § acre 
per hour, and Rob can mow 
only 7 acre per hour. Working 
together, how many acres did 
they mow per hour? 


Translating 
for Success 


The goal of these matching questions 
is to practice step (2), Translate, of 
the five-step problem-solving process. 
Translate each word problem to an 
equation and select a correct translation 
from equations A-0. 

i il 


Mee = 
aera 


B. 250 = x- 1040 


C. 884 = x- 1040 


250 _ 1000 


1605. x 


. 156 = x- 1040 
~ 16.25 = 250-x 


lhe 
8 


. 1040 = x- 884 


20 


* 16.25 1000 


> 2.875 = x°5 


N. x°884 = 156 


O. x = 16.25 +250 


Answers on page A-11 


. Trip Expenses. 


. Cost of Copies. 


6. Land Sale. Cole sold 2% 


acres of the 5 acres he inher- 
ited from his uncle. What per- 
cent of his land did he sell? 


. Travel Expenses. A 


magazine photographer is 
reimbursed 16.25¢ per mile 
for business travel, up to 

1000 mi per week. In a recent 
week, he traveled 250 mi. 
What was the total reimburse- 
ment for travel? 


The total 
expenses for Claire’s recent 
business trip were $1040. She 
put $884 on her credit card 
and paid the balance in cash. 
What percent did she place on 
her credit card? 


During 

the first summer session at a 
community college, the campus 
copy center advertised 250 cop- 
ies for $16.25. At this rate, what 
is the cost of 1000 copies? 


. Cost of Insurance. 


Following a rise in the 

cost of health insurance, 

250 of a company’s 1040 
employees canceled their 
insurance. What percent of 
the employees canceled their 
insurance? 


FOR 
EXTRA 
HELP 


JY Check Your Understanding 
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Reading and Concept Check Complete the table by filling in the missing numbers and words. 


Original Increase or Percent Increase 
Price Change Decrease? or Decrease 


a Solve. 


1. Organ Transplants. In 2016, there were 33,611 organ 
transplants in the United States. Approximately 23.3% 
were liver transplants and 9.5% were heart transplants. 
How many liver transplants and how many heart trans- 
plants were performed in 2016? 


Data: organdonor.gov; U.S. Department of Health and Human Services 


. A person earns $43,200 one year and receives an 8% 
raise in salary. What is the new salary? 


. Test Results. Ona test, Juan got 85%, or 119, of the 
items correct. How many items were on the test? 


. Farmland. In Kansas, 47,000,000 acres are farmland. 
About 5% of all the farm acreage in the United States is 
in Kansas. What is the total number of acres of farmland 
in the United States? 


Data: U.S. Department of Agriculture; National Agricultural Statistics 
Service 


Change 


Original — 


2. Mississippi River. The Mississippi River, which 
extends from its source at Lake Itasca in Minnesota 
to the Gulf of Mexico, is 2348 mi long. Approximately 
77% of the river is navigable. How many miles of the 
river are navigable? 


Data: National Oceanic and Atmospheric Administration 


Mississippi River 


4. A person earns $28,600 one year and receives a 5% raise 
in salary. What is the new salary? 


6. Test Results. Ona test, Maj Ling got 86%, or 81.7, 
of the items correct. (There was partial credit on some 
items.) How many items were on the test? 


8. & World Population. World population is increasing 
by 1.12% each year. In 2016, it was 7.47 billion. What 
will the population be in 2020? 


Data: U.S. Census Bureau; International Data Base 
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9. 


11. 


13. 


15. 


376 


Car Depreciation. A car generally depreciates 25% of 
its original value in the first year. A car is worth $27,300 
after the first year. What was its original cost? 


Test Results. Ona test of 80 items, Pedro got 93% 
correct. (There was partial credit on some items.) How 
many items did he get correct? incorrect? 


Housing Expenditure. The average American family 
spends approximately 41% of its income on housing. If a 
family’s yearly income is $83,400, how much is its hous- 
ing expenditure? 


Data: U.S. Census Bureau; U.S. Bureau of Labor Statistics 


Women in the Workforce in Saudi Arabia. In 2016, 
there were 13,102,100 men and women in the work- 
force in Saudi Arabia. Of this number, about 1,978,400 
were women. What percent of the workforce were 
women? 


Data: data.worldbank.org 
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10. 


12. 


14. 


16. 


Car Depreciation. Given normal use, an American- 
made car will depreciate 25% of its original cost in the 
first year and 14% of its remaining value in the second 
year. What is the value of a car at the end of the 
second year if its original cost was $36,400? $28,400? 
$26,800? 


Test Results. Ona test of 40 items, Christina got 91% 
correct. (There was partial credit on some items.) How 
many items did she get correct? incorrect? 


Transportation Expenditure. The average American 
family spends approximately 16% of its income on 
transportation. If a family’s yearly income is $69,700, 
how much is its transportation expenditure? 


Data: U.S. Census Bureau; U.S. Bureau of Labor Statistics 


Women in the Workforce in the United States. In 
2017, there were approximately 161,000,000 men and 
women in the workforce in the United States. Of this 
number, about 74,437,700 were women. What percent of 
the workforce were women? 


Data: data.worldbank.org 


Copyright © 2019 Pearson Education, Inc. 


17. Tipping. For a party of 8 or more, some restaurants 


19. 


21. 


23. 


add an 18% tip to the bill. What is the total amount 
charged for a party of 10 if the cost of the meal, without 
tip, is $195? 


Wasting Food. As world population increases and the 
number of acres of farmland decreases, improvements 


in food production and packaging must be implemented. 


Also, wealthy countries need to waste less food. In the 
United States, 17 pounds of every 90 pounds of fruits 
and vegetables purchased go uneaten and are discarded 
in the home. What percent of the total supply of fruits 
and vegetables is wasted in the home? 


Fruit and Vegetable Supply 


DATA: National Geographic, March 2016, pp. 38-39, “Waste not, Want not” 
by Elizabeth Royte 


A lab technician has 540 mL of a solution of alcohol and 
water; 8% is alcohol. How many milliliters are alcohol? 
water? 


U.S. Armed Forces. There were 1,304,184 people in 
the United States in active military service in 2016. The 
numbers for the four armed services are listed in the 
table below. What percent of the total does each branch 
represent? Round the answers to the nearest tenth of a 
percent. 


U.S. ARMED FORCES: 2016 
TOTAL 1,304,184* 


315.86 


530 556 


*Includes National Guard, Reserve, 
and retired regular personnel on 
extended or continuous active duty. 
Excludes Coast Guard. 


DATA: U.S. Department of Defense; 
U.S. Census Bureau 


18. 


20. 


22. 


24. 


Tipping. Diners frequently add a 15% tip when 
charging a meal to a credit card. What is the total 
amount charged to a card if the cost of the meal, without 
tip, is $18? $34? $49? 


Credit-Card Debt. Michael has disposable monthly 
income of $3400. Each month, he pays $470 toward his 
credit-card debt. What percent of his disposable income 
is allotted to paying off credit-card debt? 


Monthly Disposable Income: $3400 


Credit-card 
payments: 
$470 


A lab technician has 680 mL of a solution of water 
and acid; 3% is acid. How many milliliters are acid? 
water? 


Living Veterans. There were 18,496,937 living veterans 
in the United States in 2016. Numbers for various age 
groups are listed in the table below. What percent of the 
total does each age group represent? Round the answers 
to the nearest tenth of a percent. 


LIVING VETERANS BY AGE: 2016 


DATA: U.S. Census Bureau; 2016 American 
Community Survey 
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(By Solve. 


25. 


27. 


29. 


31. 


378 


Mortgage Payment Increase. A monthly mortgage 
payment increases from $840 to $882. What is the 


percent increase? 
$840 100% 


$882 


A person on a diet goes from a weight of 160 Ib to a 
weight of 136 lb. What is the percent decrease? 


160 Ib 100% 


i] it it 


Insulation. A roll of unfaced fiberglass insulation has 
a retail price of $28.79. For two weeks, it is on sale for 
$20.49. What is the percent decrease? 


Shopping Malls in the United States. With the 
increase in online shopping, the percent growth in the 
number of shopping malls in the United States has been 
decreasing. The table below lists the number of malls 

in selected years. What was the percent increase in the 
number of malls from 1977 to 1987? from 2007 to 2017? 


26. 


28. 


30. 


32. 


Savings Increase. The amount in a savings account 
increased from $200 to $216. What was the percent 


increase? 
$200 100% 
i 


1 


$216 


During a sale, a dress decreased in price from $90 to $72. 


What was the percent decrease? 


$90 100% 


1 


Set of Weights. A 300-lb weight set retails for 
$199.95. For its grand opening, a sporting goods store 
reduced the price to $154.95. What is the percent 
decrease? 


Sale *154.% 
Was *199.% 


Milestones in the DJIA. The table below lists the dates 
when the Dow Jones Industrial Average reached specified 
1000-point milestones and the closing DJIA values on 
those dates. What was the percent increase in the DJIA 
from the first date it closed above 10,000 to the first date 
it closed above 12,000? from the first date it closed above 
20,000 to the first date it closed above 22,000? 


Pi 
YEAR THE UNITED STATES 
1977 576 
1987 874 
1997 1043 
2007 1165 
2017 1211 


DATA: CoStar Group 
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10,000 3/29/1999 10,000.78 
12,000 10/19/2006 12,011.73 
14,000 7/19/2007 14,000.41 
16,000 11/21/2013 16,009.99 
18,000 12/23/2014 18,024.17 
20,000 1/25/2017 20,068.51 
22,000 8/2/2017 22,016.24 


DATA: us.spindices.com/indexology; macrotrends.net; 
marketwatch.com 
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33. 


35. 


37. 


39. 


Credit-Card Debt. In 2008, the average credit-card 
debt per household in the United States was $10,588. In 
2016, the average credit-card debt per household in the 
United States was $8158. What was the percent decrease? 
(Note: Credit-card debt does not include credit-card 
balances that are paid off each month.) 


Data: magnifymoney.com 
Nurse Practitioners. In 2016, there were 222,000 nurse 
practitioners in the United States. It is projected that 


this number will increase to 244,000 by 2025. What is the 
projected percent increase? 


Data: AARP Bulletin, July-August 2017 


Tax-Refund Fraud. There were 376,000 reports of 
tax-refund fraud reported to the Internal Revenue 
Service in 2016. This number is 390,000 less than the 
number of reports of tax-refund fraud in 2014. What was 
the percent decrease? 


Data: The Wall Street Journal, 3/4-5/2017, “Tax-ID Theft Drops” by Laura 
Saunders 


Two-by-Four. A cross-section of a standard, or nominal, 
“two-by-four” actually measures 13 in. by 35 in. The 
rough board is 2 in. by 4 in. but is planed and dried to 
the finished size. What percent of the wood is removed 
in planing and drying? 


. Arctic Ice. 


. Centenarians. 


. Strike Zone. 


34. Overdraft Fees. Consumers are paying record amounts 


of fees for overdrawing their bank accounts. In 2016, the 
largest 628 banks collected $11,410,000,000 in overdraft 
fees, which is $250,000,000 more than they collected in 
2015. What was the percent increase? 


Data: money.cnn.com; Consumer Financial Protection Bureau 


The Arctic sea surface freezes in the 
winter, but the part of it that melts in the summer is 
increasing. In 1979, 2,780,000 square miles of the Arctic 
sea were still ice-covered in September. Only 1,820,000 
square miles were still ice-covered in September 2016. 
What was the percent decrease? 


Data: National Snow and Ice Data Center; National Geographic, April 2017, 
“Climate Change” 


In 1980, there were 32,194 centenarians 
in the United States. The number of centenarians 
increased to 53,364 by 2010. It is projected that 

there will be 604,000 centenarians by 2060. What is 

the percent increase from 1980 to 2010? from 2010 to 
2060? 


Data: The Wall Street Journal, 7/21/2017, “The Life Insurance Isn’t So 
Permanent” by Leslie Scism; U.S. Census Bureau Projections 


In baseball, the strike zone is normally 
a 17-in. by 30-in. rectangle. Some batters give the 
pitcher an advantage by swinging at pitches thrown out 
of the strike zone. By what percent is the area of the 
strike zone increased if a 2-in. border is added to the 
outside? 


Data: Major League Baseball 


2 in. 
30 in. 


17 in. 
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Building Permits. The table below shows data for the number of U.S. building permits issued for privately owned single 
housing units in May for the years 2005-2016. For Exercises 41—44, find the change in the number of building permits issued 


and the percent increase or percent decrease for the given years. 


BUILDING PERMITS BUILDING PERMITS 
FOR SINGLE HOUSING FOR SINGLE HOUSING 


DATA: U.S. Census Bureau 


41. From 2007 to 2008 42. From 2012 to 2013 

43. From 2015 to 2016 44. From 2008 to 2009 

45. Increase in Population. The population of Utah in 46. Decrease in Population. The population of West 
2010 was 2,763,885. It is projected that in 2020 the popu- Virginia in 2010 was 1,852,994. It is projected that the 
lation of Utah will be 3,253,024. What will the percent population of West Virginia will be 1,821,013 in 2020. 
increase be? What will the percent decrease be? 
Data: worldpopulationreview.com; U.S. Census Bureau Data: worldpopulationreview.com; U.S. Census Bureau 


as 


2010 population: 2,763,885 2010 population: 1,852,994 


SKA Maimtema me onion ciccccccccccecccccccccececessescvecescseecsscssvscevsevssvatsevseveseasssvssvatevssvssvstsvssvateetevseessess 


Convert to decimal notation. [4.1b], [4.5a] Simplify. [2.5b] 
25 11 18 135 
47, — i Be 49, —— e Sa 
11 si 25 102 a 510 
PIV RNS SM escent avert aieepe eta cannot leet tanta erate elt dares vance ern staesahdeea eeptee int 
51. A coupon allows a couple to have $10 subtracted from 52. If p is 120% of q, then q is what percent of p? 


their dinner bill. Before subtracting $10, however, the 
restaurant adds a tip of 20%. If the couple is presented 
with a bill for $40.40, how much would the dinner 
(without tip) have cost without the coupon? 
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(a) SALES TAX 


Sales tax computations represent a special type of percent increase problem. 
The sales tax rate in Colorado is 2.9%. This means that the tax is 2.9% of 
the purchase price. Suppose the purchase price of a canoe is $749.95. The 
sales tax is then 2.9% of $749.95, or 0.029 < $749.95, or $21.74855, which is 
about $21.75. 


BILL: 

Purchase price = $749.95 

Sales tax 

(2.9% of $749.95) = + 21.75 
Mion tg Total price $771.70 


Tan pay 


The total that you would pay for the canoe is the purchase price plus the 
sales tax: 


$749.95 + $21.75, or $771.70. 


SALES TAX 


Sales tax = Sales tax rate X Purchase price 


Total price = Purchase price + Sales tax 


EXAMPLE 1 Maine Sales Tax. The sales tax rate in Maine is 5.5%. How 
much tax is charged on the purchase of 3 shrubs at $42.99 each? What is 
the total price? 


a) We first find the purchase price of the 3 shrubs. It is 
3 X $42.99 = $128.97. 
b) The sales tax on items costing $128.97 is 


Salestaxrate xX Purchase price 


5.5% x 128.97, 
or 0.055 X 128.97, or 709335. Thus, the tax is $709 (rounded 
to the nearest cent). 
c) The total price is given by the purchase price plus the sales tax: 


$128.97 + $7.09, or $136.06. 


To check, note that the total price is the purchase price plus 5.5% of the 
purchase price. Thus, the total price is 105.5% of the purchase price. Since 
1.055 X 128.97 ~ 136.06, we have a check. The sales tax is $7.09, and the 
total price is $136.06. 


SECTION 6.6 


OBJECTIVES 


a Solve applied problems 
involving sales tax and percent. 


b Solve applied problems 
involving commission and 
percent. 


fe) Solve applied problems 
involving discount and percent. 
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1. Texas Sales Tax. The sales <@ Do Exercises 1 and 2. 
tax rate in Texas is 6.25%. 
In Texas, how much tax is EXAMPLE 2 The sales tax on the purchase of an eReader that costs $199 


charged on the purchase of an is $13.93. What is the sales tax rate? 
ultrasound toothbrush that 


sells for $139.95? What is the 
total price? 


2. Wyoming Sales Tax. In rcs{ 
her hometown, Laramie, 


Wyoming, Samantha buys 

4 copies of Hillbilly Elegy by 
J. D. Vance for $18.95 each. 
The sales tax rate in Wyoming 
is 4%. How much sales tax will 
Samantha be charged? What is 
the total price? 


Salestax= %X4xX 
eee : We rephrase and translate as follows: 
= 0.04 x $ 
= Rephrase: Salestax is whatpercent of purchase price? 
= $3.032 
; ae Translate: $13.93 = r x 199. 
Total price = $75.80 + $ 
= To solve the equation, we divide by 199 on both sides: 
13.93 _ r xX 199 
199 199 
13.93 
199 
0.07 =r 
7% =P. 


3. The sales tax on the purchase 
of a set of holiday dishes that 
costs $449 is $26.94. What is the 
sales tax rate? @ Do Exercise 3. 


The sales tax rate is 7%. 


EXAMPLE 3 The sales tax on the purchase of a stone-top firepit is $12.74, 
and the sales tax rate is 8%. Find the purchase price (the price before the 
tax is added). 

We rephrase and translate as follows: 


Rephrase: Salestax is 8% of what? 
Translate: 12.74 = 8% xX b, 
or 12.74 = 0.08 X b. 
4. The sales tax on the purchase of 
a pair of designer jeans is $4.84, To solve, we divide by 0.08 on both sides: 


and the sales tax rate is 5.5%. 
Find the purchase price (the ie 08% 2 


price before the tax is added). 0.08 0.08 
12.74 _ 
0.08 $12.74 tax @ 8% 
eee 159.25 = b. 
1. $8.75; $148.70 2. $3.03, $78.83 
3. 6% 4. $88 The purchase price is $159.25. 
Guided Solution: 
2. 4, 18.95, 75.80, 3.03; 3.03, 78.83 <@ Do Exercise 4. 
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(5) commission 


When you work for a salary, you receive the same amount of money each 
week or month. When you work for a commission, you are paid a percent of 
the total sales for which you are responsible. 


Commission = Commission rate < Sales 


EXAMPLE 4 Membership Sales. A membership salesperson’s com- 
mission rate is 3%. What is the commission on the sale of $8300 worth of 
fitness club memberships? 


Commission = Commission rate X Sales 
Cc = 3% x 8300 
C = 0.03 Xx 8300 
C = 249 
The commission is $249. 
Do Exercise 5. > 
EXAMPLE 5 Earth-Moving Equipment Sales. Gavin earns a commission 


of $20,800 for selling $320,000 worth of earth-moving equipment. What is the 
commission rate? 


Commission = Commission rate X Sales 
20,800 = r x 320,000 


SECTION 6.6 


5. Isabella’s commission rate is 
15%. What commission does 
she earn on the sale of $9260 
worth of exercise equipment? 


Answer 
5. $1389 
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6. Grayson earns a commission of 
$2040 for selling $17,000 worth 
of concert tickets. What is the 


commission rate? 


7. Mila’s commission res 
rate is 7.5%. She receives a 
commission of $2970 from 
the sale of winter ski passes. 

How many dollars worth of ski 
passes did she sell? 
$2970 = %xXS 
$2970 = 0.075 x S 
$2970 _ 0.075 x S 
0.075 


Answers 
6. 12% 7. $39,600 


Guided Solution: 
7. 7.5, 0.075, 39,600 
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To solve this equation, we divide by 320,000 on both sides: 
20,800 _ r X 320,000 


320,000 320,000 
0.065 =r 


6.5% = ©. 


The commission rate is 6.5%. 


< Do Exercise 6. 


EXAMPLE 6 Cruise Vacations. Noah’s commission rate is 5.6%. 
He received a commission of $2457 on cruise vacation packages that 
he sold in November. How many dollars worth of cruise vacations 


did he sell? 
Commission = Commission rate X Sales 
2457 = 5.6% x S$, or 
2457 = 0.056 x S$ 


To solve this equation, we divide by 0.056 on both sides: 


2457 _ 0.056 x S 
0.056 0.056 
2457 _ 

0.056 

43875. = 8, 


Noah sold $43,875 worth of cruise vacation packages. 


< Do Exercise 7. 


(©) DISCOUNT 


Suppose that the regular price of a rug is $60, and the rug is on sale at 25% 
off. Since 25% of $60 is $15, the sale price is $60 — $15, or $45. We call $60 
the original, or marked, price, 25% the rate of discount, $15 the discount, 
and $45 the sale price. Note that discount problems are a type of percent 
decrease problem. 


DISCOUNT AND SALE PRICE 


Discount = Rate of discount < Original price 


Sale price = Original price — Discount 


EXAMPLE 7 A leather sofa marked $2379 is on sale at 33; % off. What is 
the discount? the sale price? 


Leather sofa 


$2379 original price 


a) Discount =  Rateofdiscount ~X Original price 
1 
D = 335% x 2379 
1 
D = = x 2379 
3 
23 
D= La 793 
3 
b) Sale price =  Originalprice — Discount 
S = 2379 = 793 
S = 1586 


The discount is $793, and the sale price is $1586. 


Do Exercise 8. > 


EXAMPLE 8 The price of a wooden swing set is marked down from $1650 
to $1353. What is the rate of discount? 

We first find the discount by subtracting the sale price from the original 
price: 


1650 — 1353 = 297. 


The discount is $297. 
Next, we use the equation for discount: 


Discount =  Rateofdiscount ~X Original price 
297 = r x 1650 
To solve, we divide by 1650 on both sides: 
297 _ r X 1650 
1650 1650 
297 7 
1650 To check, note that an 18% rate 
018 =r of discount means that the buyer 
18% =r pays 82% of the original price: 


The rate of discount is 18%. 0.82 X $1650 = $1353. 


Do Exercise 9. D 


SECTION 6.6 


8. A computer marked $660 is on 
sale at 163% off. What is the 
discount? the sale price? 


9. The price of a winter coat is 
reduced from $75 to $60. Find 
the rate of discount. 


Answers 
8. $110; $550 9. 20% 
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FOR 
EXTRA 
HELP 


de Check Your Understanding 


Reading and Concept Check Complete each definition with the word price, rate, or tax. 


RC1. Commission = Commission 


RC2. Discount = 


RC3. Sale price = Original 


RC4. Sales tax = Sales 


RCS5. Total price = Purchase price + Sales 


@ MyLab Math 


x Sales 


— Discount 


a Solve. 


1. 


3. 


386 


Wyoming Sales Tax. The sales tax rate in Wyoming 
is 4%. How much sales tax would be charged on a 
fireplace screen with doors that costs $239? 


New Mexico Sales Tax. The sales tax rate in New 


Mexico is 5.125%. How much sales tax is charged on a 
camp stove that sells for $129.95? 


. California Sales Tax. The sales tax rate in California 


is 7.25%. How much sales tax is charged on a purchase 
of 4 contour foam travel pillows at $39.95 each? What is 
the total price? 


. The sales tax is $30 on the purchase of a diamond ring 


that sells for $750. What is the sales tax rate? 


. The sales tax is $13.68 on the purchase of a patio set 


that sells for $456. What is the sales tax rate? 


CHAPTER6 ~—— Percent Notation 


6. 


10. 


. Kansas Sales Tax. 


of discount X Original price 


rate X Purchase price 


The sales tax rate in Kansas is 
6.5%. How much sales tax would be charged on a 
fireplace screen with doors that costs $239? 


. Ohio Sales Tax. The sales tax rate in Ohio is 5.75%. 


How much sales tax is charged on a pet carrier that sells 
for $39.99? 


ort . 
ii! 
quate 


Illinois Sales Tax. The sales tax rate in Illinois is 
6.25%. How much sales tax is charged on a purchase 
of 3 wet-dry vacs at $60.99 each? What is the total 
price? 


. The sales tax is $48 on the purchase of a dining room 


set that sells for $960. What is the sales tax rate? 


The sales tax is $35.80 on the purchase of a refrigerator- 
freezer that sells for $895. What is the sales tax 
rate? 
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11. 


13. 


15. 


17. 


The sales tax on the purchase of a new fishing boat is 
$904, and the sales tax rate is 8%. What is the purchase 
price (the price before tax is added)? 


The sales and use tax rate in New York City is 4.875% 
for the city plus 4% for the state. Find the total amount 
paid for 6 boxes of chocolates at $19.95 each. 


The sales tax rate in Pittsburgh, Pennsylvania, is 1% for 
Allegheny County plus 6% for the state. Find the total 
amount paid for 5 NFL tickets at $266 each. 


The sales tax rate in Champaign, Illinois, is 1.25% 
for the county, 1.5% for the city, and 6.25% for the 
state. Find the total amount paid for 3 dolls at 

$138 each. 


14. 


16. 


18. 


. The sales tax on the purchase of a used car is $434, 


and the sales tax rate is 7%. What is the purchase 
price? 


The sales tax rate in Nashville, Tennessee, is 2.25% for 
Davidson County plus 7% for the state. Find the total 
amount paid for 2 ladders at $39 each. 


The sales tax rate in Miami, Florida, is 1% for Dade 
County plus 6% for the state. Find the total amount 
paid for 2 tires at $49.95 each. 


The sales tax rate in Atlanta, Georgia, is 1.5% for the 
city, 3% for Fulton County, and 4% for the state. Find 
the total amount paid for 6 bicycle helmets at $39.99 
each. 


19. 


21. 


Benjamin’s commission rate is 21%. What commission 
does he earn on the sale of $12,500 worth of 
windows? 


Alyssa earns $408 for selling $3400 worth of shoes. 
What is the commission rate? 


20. 


22. 


Olivia’s commission rate is 6%. What commission does 
she earn on the sale of $45,000 worth of lawn irrigation 
systems? 


Joshua earns $120 for selling $2400 worth of television 
sets. What is the commission rate? 
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23. Real Estate Commission. 


A real estate agent’s 


24. 


commission rate is 7%. She receives a commission of 
$12,950 from the sale of a home. How much did the 


home sell for? 


Clothing Consignment Commission. A clothing 


consignment shop’s commission rate is 40%. The shop 
receives a commission of $552. How many dollars worth 
of clothing were sold? 


25. A real estate commission rate is 8%. What is the 
commission from the sale of a piece of land for 


$68,000? 


27. David earns $1147.50 for selling $7650 worth of car 


parts. What is the commission rate? 


29. Laila’s commission is increased according to how much 


26. 


she sells. She receives a commission of 4% for the first 
$1000 of sales and 7% for the amount over $1000. What 
is her total commission on sales of $5500? 


fe) Complete the table below by filling in the missing numbers. 


i 
31. 


$300 
ae : Se 
eae ee ear 
ee ae 
a eee 
2 ia cia 
ae 6 ati 


38. $12,800 


388 CHAPTER 6 


Percent Notation 


Marked Price Rate of Discount 


28. 


30. 


A real estate commission rate is 6%. What is the 
commission from the sale of a $98,000 home? 


Jayla earns $280.80 for selling $2340 worth of tee shirts. 
What is the commission rate? 


Malik’s commission is increased according to how much 
he sells. He receives a commission of 5% for the first 
$2000 of sales and 8% for the amount over $2000. 
What is his total commission on sales of $6200? 
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39. Find the marked price and the rate of discount for the 40. Find the marked price and the rate of discount for the 
surfboard in this ad. steel log rack in this ad. 


41. Find the discount and the rate of discount for the 42. Find the discount and the rate of discount for the 
pinball machine in this ad. amaryllis in this ad. 


SKILL Maintenance ionic ccccccccccccccccccscsevecsevevsevevsevevsesevsvsevavsevavsevevsevevsesevavsevavsevavsvevatevsvevavsevevievevseees 


Solve. [5.3b] Solve. [4.4b] 
x 24 7 ii 
= >= 45. 0.64-x = 1 46. 29.44 = 25.6 x 
43. DD 16 44 5 e 5. 0.64-x 70 y 


Convert to standard notation. [4.3b] 


47. 4.03 trillion 48. 5.8 million 49. 42.7 million 50. 6.09 billion 
PUNY ascetic essere cis cece tone coecelossnneeestvnsee seep ncaa ateate ete areca erin cattines aan setomnetastmeessteeaatciod 
51. [&] Sara receives a 10% commission on the first $5000 52. Elijah collects baseball memorabilia. He bought two 
in sales and 15% on all sales beyond $5000. If Sara autographed plaques, but then became short of funds 
receives a commission of $2405, how much did she sell? and had to sell them quickly for $200 each. On one, he 
Use a calculator and trial and error if you wish. made a 20% profit, and on the other, he lost 20%. Did 


he make or lose money on the sale? 
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Simple Interest and Compound Interest; 


6 a 7 Credit Cards 


. OBJECTIVES la) SIMPLE INTEREST 


(a) Solve applied problems 
involving simple interest. 


b Solve applied problems 
involving compound interest. 


Convert between percent notation and decimal notation. [{6.1b] 


Find decimal notation. 


5 1 
1. 340% 2. 34% 


MyLab Math 
VIDEO 


Suppose you put $1000 into an investment for 1 year. The $1000 is called the 
principal. If the interest rate is 5%, in addition to the principal, you get back 
5% of the principal, which is 


5% of 1000, or 0.05 x $1000, or $50.00. 


fe Solve applied problems involving 


interest rates on credit cards. Answers: 1. 0.34625 2. 0.0525 


The $50.00 is called simple interest. It is, in effect, the price that a financial 
institution pays for the use of the money over time. 


SIMPLE INTEREST FORMULA 


The simple interest J on principal P, invested for t years at interest 
rate r, is given by 


l=Preret. 


1. What is the simple interest on rcs EXAMPLE 1. What is the simple interest on $2500 invested at an interest 


$4300 invested at an interest rate of 6% for 1 year? 


HVS eM Se MO coun) We use the formula J = P+r-t: 


ane I=P 2500 X 6% X 1 
= $4300x = % XI eS aecinennne 
=e nec = $2500 x 0.06 = $150. 
= 6 The simple interest for 1 year is $150. 
< Do Exercise 1. 
EXAMPLE 2 What is the simple interest on a principal of $2500 invested 
at an interest rate of 6% for 3 months? 
We use the formula J = P-r-t and express 3 months as a fraction of 
a year: 
3 1 
2. What is the simple interest on I= Per+t = $2500 X 6% X RD $2500 x 6% X 4 


a principal of $4300 invested 
at an interest rate of 4% for = $2500 10.06 
9 months? 4 


The simple interest for 3 months is $37.50. 


= $37.50. 


Answers < Do Exercise 2. 
1. $172 2. $129 


Guided Solution: 
1. 4, 4300, 172 
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When time is given in days, we generally divide it by 365 to express the 
time as a fractional part of a year. 


EXAMPLE 3 Topay for a shipment of lawn furniture, Patio by Design borrows 
$8000 at 93% for 60 days. Find (a) the amount of simple interest that is due 
and (b) the total amount that must be paid after 60 days. 


a) We express 60 days as a fractional part of a year: 
0 


3 6 
1 = P+r+t = $8000 X 9-% x 2 
ae 94 * 365 


= $8000 x 0.0975 x ae $128.22 
- . 365 . . 


The interest due for 60 days is $128.22. 
b) The total amount to be paid after 60 days is the principal plus the interest: 
$8000 + $128.22 = $8128.22. 
The total amount due is $8128.22. 


Do Exercise 3. > 


(5) COMPOUND INTEREST 


When interest is paid on interest, we call it compound interest. This is the 
type of interest usually paid on investments. Suppose you have $5000 in a 
savings account at 6%. In 1 year, the account will contain the original $5000 
plus 6% of $5000. Thus, the total in the account after 1 year will be 


106% of $5000, or 1.06 x $5000, or $5300. 


Now suppose that the total of $5300 remains in the account for another year. 
At the end of this second year, the account will contain the $5300 plus 6% of 


$5300. The total in the account will thus be 
106% of $5300, or 1.06 < $5300, or $5618. 


Note that in the second year, interest is also earned on the first year’s interest. 
When this happens, we say that interest is compounded annually. 


5000 at 6% for ] yr 95300 at 6% for J Ve 


EXAMPLE 4 Find the amount in an account if $3000 is invested at 4%, 
compounded annually, for 2 years. 


a) After 1 year, the account will contain 104% of $3000: 
1.04 x $3000 = $3120. 

b) At the end of the second year, the account will contain 104% of $3120: 
1.04 x $3120 = $3244.80. 


The amount in the account after 2 years is $3244.80. 


Do Exercise 4. > 


SECTION 6.7 


. The Glass Nook borrows $4800 


at 54% for 30 days. Find (a) the 
amount of simple interest due 
and (b) the total amount that 
must be paid after 30 days. 
a) l= P-r-t 

= $4800 x 55% x 


365 
30 
— $4) x 0. x — 
$4800 x 0.055 365 
~§ 
b) Total amount 
= $4800 + 


. Find the amount in an account 


if $3000 is invested at 2%, 
compounded annually, for 
2 years. 


Answers 
3. (a) $21.70; (b) $4821.70 4. $3121.20 


Guided Solution: 
3. (a) 30, 21.70; (b) $21.70, $4821.70 
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- CALCULATC( 


Compound Interest A 
calculator is useful in computing 
compound interest. Not only does 
it perform computations quickly 
but it also eliminates the need 
to round until the computation 
is completed. This minimizes 
round-off errors that occur when 
rounding is done at each stage of 
the computation. We must keep 
order of operations in mind when 
computing compound interest. 

To find the amount due ona 
$20,000 loan made for 25 days at 
11% interest, compounded daily, 

te 20 o00( + oat) 
we compute 20, Ts 
To do this on a calculator, we press 


[2|[o]o}Lo)fo | KILO GIEIE | 
HIE] BI) IDIM or) 


[=]. The result is $20,151.23, 
rounded to the nearest cent. 

Some calculators have 
business keys that allow such 
computations to be done more 
quickly. 


EXERCISES: 


1. Find the amount due 
on a $16,000 loan made 
for 62 days at 13% 
interest, compounded 
daily. 

. An investment of $12,500 
is made for 90 days at 8.5% 
interest, compounded 
daily. How much is the 
investment worth after 
90 days? 
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Suppose that the interest in Example 4 were compounded semi- 
annually — that is, every half year. Interest would then be calculated twice a 
year at arate of 4% ~+ 2, or 2% each time. The approach used in Example 4 
can then be adapted, as follows. 

After the first } year, the account will contain 102% of $3000: 


1.02 x $3000 = $3060. 

After a second $ year (1 full year), the account will contain 102% of $3060: 
1.02 x $3060 = $3121.20. 

After a third } year (14 full years), the account will contain 102% of $3121.20: 


1.02 X $3121.20 = $3183.624 


= $3183.62 Rounding to the nearest cent 


Finally, after a fourth 5 year (2 full years), the account will contain 102% of 
$3183.62: 


1.02 < $3183.62 = $3247.2924 
= $3247.29 Rounding to the nearest cent 

Let’s summarize our results and look at them another way: 

End of Ist ; year —> 1.02 x 3000 = 3000 x (1.02)'; 

End of 2nd $ year —> 1.02 x (1.02 x 3000) = 3000 x (1.02); 

End of 3rd 5 year —> 1.02 x (1.02 x 1.02 x 3000) = 3000 x (1.02); 

End of 4th $ year —> 1.02 x (1.02 x 1.02 x 1.02 x 3000) = 3000 x (1.02)*. 

Note that each multiplication was by 1.02 and that 


$3000 x 1.024 ~ $3247.30. Using a calculator and rounding to the 
nearest cent 


Notice that when we round only once, the amount in the account, 
$3247.30, is one cent more than the amount calculated above, $3247.29. 
We have illustrated the following result. 


COMPOUND INTEREST FORMULA 


If a principal P has been invested at interest rate r, compounded 
n times a year, in ¢ years it will grow to an amount A given by 


r net 
a=p-(1+2) ‘ 
n 


Let’s apply this formula to confirm our preceding discussion, where the 
amount invested is P = $3000, the number of years is f = 2, and the number 
of compounding periods each year is n = 2. Substituting into the compound 
interest formula, we have 


mt 4% 2-2 
a=p-(1+2) = 3000-(1 + *) 
n 2 


0.04 \4 
= $3000-(1 + o) = $3000(1.02)* 


= $3000 X 1.08243216 ~ $3247.30. 


EXAMPLE 5 The Ibsens invest $4000 in an account paying 33%, com- 
pounded quarterly. Find the amount in the account after 23 years. 

The compounding is quarterly, so n is 4. We substitute $4000 for P, 3 3 %, 
or 0.03625, for r, 4 for n, and 25, or 3, for tf and compute A: 


33 % y" 


net 
A= p-(1 es ") = s4000-(1 es 
03625)" 


= s4000-(1 + 


$4000(1.0090625) !° 
$4377.65. 


N 


The amount in the account after 24 years is $4377.65. 


Do Exercise 5. > 


(©) CREDIT CARDS 


According to nerdwallet.com, the average credit-card debt among U.S. 
households with such debt was $16,883 per household in 2016. 

The money you spend through the use of a credit card is not “free” 
money. There is a price (interest) to be paid for the convenience of using a 
credit card. A balance carried on a credit card is a type of loan. Comparing 
interest rates is essential if one is to become financially responsible. A small 
change in an interest rate can make a large difference in the cost of a loan. 
When you make a payment on a credit-card balance, do you know how 
much of that payment is interest and how much is applied to reducing the 
principal? 


EXAMPLE 6 Credit Cards. After the holidays, Evan has a balance of 
$3216.28 on a credit card with an annual percentage rate (APR) of 19.7%. 
He decides not to make additional purchases with this card until he has paid 
off the balance. 


a) Many credit cards require a minimum monthly payment of 2% of the 
balance. At this rate, what is Evan’s minimum payment on a balance of 
$3216.28? Round the answer to the nearest dollar. 


b) Find the amount of interest and the amount applied to reduce the princi- 
pal in the minimum payment found in part (a). 


c) If Evan had transferred his balance to a card with an APR of 12.5%, how 
much of his first payment would be interest and how much would be 
applied to reduce the principal? 


d) Compare the amounts for 12.5% from part (c) with the amounts for 19.7% 
from part (b). 
We solve as follows. 
a) We multiply the balance of $3216.28 by 2%: 
0.02 X $3216.28 = $64.3256. 


Evan’s minimum payment, rounded to the nearest dollar, is $64. 


5. A couple invests $7000 in 
an account paying 63 %, 
compounded semiannually. 
Find the amount in the 
account after 15 years. 


Answer 
5. $7690.94 
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6. Credit Card. After the 
holidays, Samantha has a balance 
of $4867.59 on a credit card 

with an annual percentage rate 
(APR) of 21.3%. She decides 
not to make additional purchases 
with this card until she has paid 
off the balance. 


a) 


b) 


c 


_— 


d) 


Many credit cards require a 
minimum monthly payment 
of 2% of the balance. What 
is Samantha’s minimum 
payment on a balance 

of $4867.59? Round the 
answer to the nearest 
dollar. 


Find the amount of interest 
and the amount applied to 
reduce the principal in the 
minimum payment found 

in part (a). 

If Samantha had transferred 
her balance to a card with an 
APR of 13.6%, how much 
of her first payment would 
be interest and how much 
would be applied to reduce 
the principal? 

Compare the amounts for 
13.6% from part (c) with the 
amounts for 21.3% from 
part (b). 


b) The amount of interest on $3216.28 at 19.7% for one month* is given by 


1 
I= P-r+t = $3216.28 X 0.197 X as $52.80. 
We subtract to find the portion of the first payment applied to reduce the 


principal: 


Interest for 
the month 


Amount applied to _ Mini i 
reduce the principal — “77774 Paymen 
= $64 — $52.80 
= $11.20. 


Thus, the principal of $3216.28 is decreased by only $11.20 with the first 
payment. (Evan still owes $3205.08.) 


c) The amount of interest on $3216.28 at 12.5% for one month is 


I= P-r+t = $3216.28 X 0.125 x “ = $33.50. 


We subtract to find the amount applied to reduce the principal in the first 
payment: 


Interest for 
the month 


Amountappliedto _ ,,... 7 
reduce the principal — Minimum payment 
= $64 — $33.50 
= $30.50. 


Thus, the principal of $3216.28 would have decreased by $30.50 with the 
first payment. (Evan would still owe $3185.78.) 


d) Let’s organize the information for both rates in the following table. 


$3216.28 
3216.28 


BALANCE BEFORE | FIRST MONTH’S AMOUNT OF | AMOUNT APPLIED | BALANCE AFTER 
FIRST PAYMENT PAYMENT APR INTEREST TO PRINCIPAL FIRST PAYMENT 


$3205.08 
3185.78 


64 ie 


Answers 


6. (a) $97; (b) interest: $86.40; amount 
applied to principal: $10.60; (c) interest: 
$55.17; amount applied to principal: $41.83; 
(d) At 13.6%, the principal was reduced 

by $31.23 more than at the 21.3% rate. The 
interest at 13.6% is $31.23 less than at 21.3%. 
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Difference in balance after first payment —> $19.30 


At 19.7%, the interest is $52.80 and the principal is decreased by $11.20. 
At 12.5%, the interest is $33.50 and the principal is decreased by $30.50. 
Thus, the interest at 19.7% is $52.80 — $33.50, or $19.30, greater than the 
interest at 12.5%. Thus, the principal is decreased by $30.50 — $11.20, or 


$19.30, more with the 12.5% rate than with the 19.7% rate. 


<@ Do Exercise 6. 


*Actually, the interest on a credit card is computed daily with a rate called a daily 
percentage rate (DPR). The DPR for Example 6 would be 19.7% /365 = 0.054%. When 
no payments or additional purchases are made during a month, the difference in total 
interest for the month is minimal and we will not deal with it here. 


It is interesting to compare how long it takes to pay off the balance in 
Example 6 if Evan continues to pay $64 each month, compared to how long it 
takes if he pays double that amount, or $128, each month. Financial consultants 
frequently tell clients that if they want to take control of their debt, they should 
pay double the minimum payment. 


NUMBER OF INTEREST 
PAYMENTS TO TOTAL PAID COST OF 

RATE PAYMENT PAY OFF DEBT BACK PURCHASES 
19.7% $64 107 or 8 yr 11 mo $6848 $3631.72 
19.7 128 33, or 2 yr 9 mo 4224 100772 
12.5 64 72, or 6 yr 4608 1391.72 
12.5 128 29, or 2 yr 5 mo 3712 495.72 


As with most loans, if you pay an extra amount toward the principal with 
each payment, the length of the loan can be greatly reduced. Note that at the 
rate of 19.7%, it will take Evan almost 9 years to pay off his debt if he pays 
only $64 per month and does not make additional purchases. If he transfers 
his balance to a card with a 12.5% rate and pays $128 per month, he can 
eliminate his debt in approximately 24 years. You can see how debt can get 
out of control if you continue to make purchases and pay only the minimum 
payment each month. The debt will never be eliminated. 


FOR 
EXTRA @ MyLab Math 
HELP 


VY Check Your Understanding 


Reading Check In the simple interest formula, / = P-,r- t,t must be expressed in years. Convert each length of time 
to years. Use 1 year = 12 months = 365 days. 


RC1. 6 months RC2. 40 days RC3. 285 days 


RC4. 9 months RC5. 3 months RC6. 4 months 


Concept Check Use the data listed in Tables 1 and 2 below to answer Exercises CC1 and CC2. 


TABLE 1 


CC1. How much more 


PRINCIPAL | RATE OF NTEREST | COMPOUNDED 


AMOUNT IN THE ACCOUNT 


interest is earned from 


$10,000 4lo% Semiannually $11,428.25 eS ia ononnvccimentton 
$10,000 gloy Quarterly $11,436.74 3 years at 45% when 
7 interest is compounded 
$10,000 45% Monthly $11,442.48 monthly rather than 
semiannually? 


TABLE 2 


PRINCIPAL | RATE OF NTEREST | COMPOUNDED | TIME | AMOUNTIN THE ACCOUNT 


CC2. How much more 
interest is earned from 


$10,000 6% Quarterly 3 yr $11,956.18 : ae qo 

or 3 years when interest 
$10,000 65% Quarterly 3 yr $12,134.08 . compounded quarterly 
$10,000 7% Quarterly 3 yr $12,314.39 at 67% rather than 6%? 
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a Find the simple interest. 


era Rate of Interest Simple Interest 


$200 4% 1 year 
eects on ae ed oo ee 
Sal eateon F oe a ie seasaeec eased 
aa loses ae a ane oy Wshisvdenae dae 
asleies ae a aa se a aa 
vedic : Mite oS Eo al a 
foes re ae ee ae a aa 
souls reneee ae ae ee wal meals 


Solve. Assume that simple interest is being calculated in each case. 
10. Mason’s Drywall borrows $8000 at 10% for 90 days. 


9. 


11. 


13. 


Mia’s Boutique borrows $10,000 at 9% for 60 days. 
Find (a) the amount of interest due and (b) the total 
amount that must be paid after 60 days. 


Animal Instinct Pet Supply borrows $6500 at 5 i % 
for 90 days. Find (a) the amount of interest due and 
(b) the total amount that must be paid after 90 days. 


Cameron’s Garage borrows $5600 at 10% for 30 days. 


Find (a) the amount of interest due and (b) the total 
amount that must be paid after 30 days. 


Sy twtr 
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Find (a) the amount of interest due and (b) the total 
amount that must be paid after 90 days. 


12. Andante’s Cafe borrows $4500 at 125% for 60 days. 


Find (a) the amount of interest due and (b) the total 
amount that must be paid after 60 days. 


14. Shear Delights Hair Salon borrows $3600 at 4% for 


30 days. Find (a) the amount of interest due and 
(b) the total amount that must be paid after 30 days. 
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Interest is compounded annually. Find the amount in the account after the given length of time. Round to the 
nearest cent. 


ore peeeeerame Rate of Interest Amount in the Account 


$400 2 years 


$450 2 years 


$2000 : 4 years 


$4000 ; 4 years 


$4300 . 6 years 


$8000 ; 6 years 


$20,000 3 25 years 


$100,000 8 30 years 


Interest is compounded semiannually. Find the amount in the account after the given length of time. Round to the nearest cent. 


sores mere heae Rate of Interest Amount in the Account 


$4000 2% 1 year 


1 year 

4 years 
4 years 
6 years 
8 years 


25 years 


$100,000 30 years 


Solve. 

31. A family invests $4000 in an account paying 6%, 32. A couple invests $2500 in an account paying 3%, 
compounded monthly. How much is in the account compounded monthly. How much is in the account 
after 5 months? after 6 months? 

33. A couple invests $1200 in an account paying 10%, 34. The O’Hares invest $6000 in an account paying 8%, 
compounded quarterly. How much is in the account compounded quarterly. How much is in the account 
after 1 year? after 18 months? 


SECTION 6.7. Simple Interest and Compound Interest; Credit Cards 397 


(e] Solve. 


35. Credit Cards. Aiden has a balance of $1278.56 
on a credit card with an annual percentage rate 
(APR) of 19.6%. The minimum payment required 
in the current statement is $25.57. Find the amount 
of interest and the amount applied to reduce the 
principal in this payment and the balance after this 
payment. 


37. Credit Cards. Hailey has a balance of $4876.54 on a 
credit card with an annual percentage rate (APR) of 
21.3%. 


a) Many credit cards require a minimum monthly 
payment of 2% of the balance. What is Hailey’s 
minimum payment on a balance of $4876.54? 
Round the answer to the nearest dollar. 

b) Find the amount of interest and the amount applied 

to reduce the principal in the minimum payment 

found in part (a). 

If Hailey had transferred her balance to a card 

with an APR of 12.6%, how much of her payment 

would be interest and how much would be applied to 

reduce the principal? 

d) Compare the amounts for 12.6% from part (c) with 
the amounts for 21.3% from part (b). 


c 


— 


SKILL MaiMtemame icc cceccccceececceceecceeeseeeecesvesvstvsvesvstvsvetvatsvisvatitvssvetevssvetesvetvettsviseeseseeees 


39. Find the LCM of 32 and 50. [3.1a] 


Divide and simplify. [2.7b] 


"125 «15 “105 ° «14 


45. Simplify: 47 — 6? + 27. [1.9c] 


PEIN RUE SN, SA irsastate Sart nanan santa tacsdes hemor oui bean hte tape pai lle dsiateeconn aja the staiaeagetusunetan tone oaiien 


36. Credit Cards. Ella has a balance of $1834.90 
on a credit card with an annual percentage rate 
(APR) of 22.4%. The minimum payment required 
in the current statement is $36.70. Find the amount 
of interest and the amount applied to reduce the 
principal in this payment and the balance after this 
payment. 


38. Credit Cards. Luke has a balance of $5328.88 on a 
credit card with an annual percentage rate (APR) of 
18.7%. 


a) Many credit cards require a minimum monthly 
payment of 2% of the balance. What is Luke’s 
minimum payment on a balance of $5328.88? 
Round the answer to the nearest dollar. 

Find the amount of interest and the amount 
applied to reduce the principal in the minimum 
payment found in part (a). 

If Luke had transferred his balance to a card with 
an APR of 13.2%, how much of his payment would 
be interest and how much would be applied to 
reduce the principal? 

Compare the amounts for 13.2% from part (c) with 
the amounts for 18.7% from part (b). 


b 


— 


— 


c 


d 


— 


40. Find the prime factorization of 228. [2.1d] 


Multiply and simplify. [2.6a] 


43 ub 
15 = 20 * 21 °° 800 


2 9 
: sxtlt=—. £3. 
46. Solve: x a 4G [3.3c] 


Effective Yield. The effective yield is the yearly rate of simple interest that corresponds to a rate for which interest is 
compounded two or more times a year. For example, if P is invested at 12%, compounded quarterly, we multiply P 
by (1 + 0.12/4)4, or 1.03%. Since 1.034 ~ 1.126, the 12% compounded quarterly corresponds to an effective yield of 
approximately 12.6%. In Exercises 47 and 48, find the effective yield for the indicated account. 


47. #) The account pays 9% compounded monthly. 
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48. #) The account pays 10% compounded daily. 
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CHAPTER 


6) Summary and Review 


Vocabulary Reinforcement 


Complete each statement with the appropriate word or phrase from the list on the right. Some of the choices will 
not be used. 


1. When a quantity is decreased by a certain percent, we say that this is discount 
a - [6.5b] rate 
2. The interest J on principal P, invested for t years at sales 
interest rate r, is given by] = P-r-t. [6.7a| Omission 
3. Sale price = Original price — . [6.6c] price 
4. Commission = Commission rate X . [6.6b] principal 
5. Discount = of discount X Original price. [6.6c] Pee 
percent decrease 
6. When a quantity is increased by a certain percent, we say that this is a : 
simple 
[6.5b] 
compound 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. A fixed principal invested for 4 years will earn more interest when interest is compounded 
quarterly than when interest is compounded semiannually. _[6.7b] 
5 1, 1 < = 
2. Of the numbers 0.5%, To00 %, 5 %, rs and 0.1, the largest number is 0.1. [6.1b], [6.2a, b] 
3. If principal A equals principal B and principal A is invested for 2 years at 4%, compounded 
quarterly, while principal B is invested for 4 years at 2%, compounded semiannually, the 
interest earned from each investment is the same. _[6.7b] 


Study Guide 


Objective 6.1b Convert between percent notation and decimal notation. 


Example Find percent notation for 1.3. Practice Exercise 


We move the decimal point two places to the right and 1. Find percent notation for 0.082. 
write a percent symbol: : 
1.3 = 130%. 
; 3 : , 
Example Find decimal notation for orl %. : Practice Exercise 


5 
3 2. Find decimal notation for 62—%. 
We convert 127 to a decimal and move the decimal 8 


point two places to the left: 


122% = 12.75% = 0.1275. 
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Objective 6.2a Convert from fraction notation to percent notation. 


Example Find percent notation for =. Practice Exercise ; 
0.416 5 = 7” 2 : 3. Find percent notation for —. 
12)3000 D> 0.416 = 41.6%, or 415% 11 
48 
20 
12 
8 0 
72 
8 
Objective 6.2b Convert from percent notation to fraction notation. 
Example Find fraction notation for 9.5%. : Practice Exercise 
95% = 9.5 _ 9.5 ; 10 = 95 : 4. Find fraction notation for 6.8%. 
100 100 10 = 1000 : 
__ 5219 
~ 5+200 
5 19 
5 200 
19 
200 


Objective 6.3b Solve basic percent problems using percent equations. 


Example 165 is what percent of 3300? : Practice Exercise 
We have 5. 12 is what percent of 288? 
165 = p+ 3300 Translating to a percent : 
equation 

165 — p+ 3300 

3300-3300 

165 

3300 ? 

0.05 = p 
5% =p 


Thus, 165 is 5% of 3300. 


Objective 6.4b Solve basic percent problems using proportions. 


Example 18% of what is 1296? : Practice Exercise 

18 — 1296 : : : 6. 3% of what is 300? 
ee Translating toa proportion: 
100 b 

18-b = 100-1296 

18-b 129,600 
18 ~=— 18 

b = 7200 


Thus, 18% of 7200 is 1296. 
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Objective 6.5b Solve applied problems involving percent increase or percent decrease. 


Example The average price of a hotel room in New 
York City in 2016 was $252. The price of a hotel room 
in New York City in 2015 averaged $260. What was the 
percent decrease? 


Data: Hotels.com, March 7, 2017 
We first determine the amount of decrease. 
$260 — $252 = $8 


Then we translate to a percent equation or a propor- 
tion and solve. 


Rewording: $8 is what percent of $260? 


Percent Equation: Proportion: 
N 8 
8 =p +260 100 = 260 
8 p* 260 
— = 260-N = 100-8 
260 260 
8 260:N _ 100-8 
260 ? 260. 260 
800 
0.031 ~ p N= 760 
3.1% ~ p N = 3.1 


The percent decrease was about 3.1%. 


Practice Exercise 


7. The average price of a hotel room in Las Vegas in 
2016 was $138. The price of a hotel room in Las 
Vegas in 2015 averaged $131. What was the percent 
increase? 


Data: Hotels.com, March 7, 2017 


Objective 6.6a Solve applied problems involving sales tax and percent. 


Example The sales tax is $34.23 on the purchase of 
a flat-screen high-definition television that costs $489. 
What is the sales tax rate? 


Rephrase: Sales tax is what percent of purchase price? 


Translate: 34.23 = r X 489 
34.23 r X 489 
489 «489 
34.23 _ 
489 
0.07 
7% 


Solve: 


r 
r 


The sales tax rate is 7%. 


Practice Exercise 


8. The sales tax is $1102.20 on the purchase of a 
new car that costs $18,370. What is the sales tax 
rate? 
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Objective 6.6b Solve applied problems involving commission and percent. 


Example A real estate agent’s commission rate is Practice Exercise 

65 %. She received a commission of $17,160 on the sale: 9. A real estate agent’s commission rate is 7%. He 
of a home. For how much did the home sell? received a commission of $12,950 on the sale of a 
Rephrase: Commission is 65 % of what selling price? home. For how much did the home sell? 


Translate: 17,160 = 64% X S$ 
Solve: 17,160 = 0.065 x S$ 
17,160 0.065 x S$ 
0.065  —-0.065 
264,000 = S$ 


The home sold for $264,000. 


Objective 6.7a Solve applied problems involving simple interest. 


Example To meet its payroll, a business borrows : Practice Exercise 


$5200 at 47% for 90 days. Find the amount of simple : 10. A student borrows $2500 for tuition at 55% for 
interest that is due and the total amount that must be 60 days. Find the amount of simple interest that is 
paid after 90 days. : due and the total amount that must be paid after 


90 60 days. 
1 = P+r+t = $5200 X 44% x 2— : a 


90 
= $5200 x 0.0425 x —— 
5 365 


=~ $54.49 
The interest due for 90 days = $54.49. 
The total amount due = $5200 + $54.49 = $5254.49. 


Objective 6.7b Solve applied problems involving compound interest. 


Example Find the amount in an account if $3200 is Practice Exercise 


invested at 5%, compounded semiannually, for 15 years. 11. Find the amount in an account if $6000 is invested 
p\nt at 43 %, compounded quarterly, for 2 years. 
A=P+41+- : 
n 
0.05 \? 
= $3200( 1 4 om) : 
2 
= $3200(1.025)3 
= $3446.05 


The amount in the account after 1} years is $3446.05. 


Review Exercises 


Find percent notation. [6.1b] : Find decimal notation for the percent notation(s) in each 
1.1.7 2. 0.065 : sentence. [6.1b] 

3. In the 2015-2016 school year, about 20.4 million 
students, including 1,043,839 foreign students, were 
enrolled in U.S. colleges and universities. Approximately 
31.5% of the foreign students were from China. 


Data: Institute of International Education 
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4. Of all active physicians, 133 % specialize in internal : 17. Water Output. The average person loses 200 mL 
medicine and 6.7% specialize in pediatrics. : of water per day by sweating. This is 8% of the 
Data: AMA Physician Masterfile, December 2015 : total output of water from the body. How much is 

: the total output of water? 


. : : Data: Elaine N. Marieb, Essentials of Human Anatomy and 
Find percent notation. [6.2a] : Physiology, 6th ed. Boston: Addison Wesley Longman, Inc., 2000 


3 


5. = 
8 


Wl rR 


18. Test Scores. After Sheila got a 75 on a math test, 
she was allowed to go to the math lab and take a 

: retest. She increased her score to 84. What was the 

Find fraction notation. [6.2b] : percent increase? 


7. 24% 8. 6.3% 


19. Test Scores. James got an 80 on a math test. By 
taking a retest in the math lab, he increased his 
score by 15%. What was his new score? 


Translate to a percent equation. Then solve. [6.3a, b] 
9. 30.6 is what percent of 90? Solve. [6.6a, b, c] 


20. A state charges a meals tax of 75%. What is 


ere : the meals tax charged on a dinner party costing 
10. 63 is 84% of what? $320? 


‘ 1 %, 9 
11, ‘What is 387% of 168? 21. In a certain state, a sales tax of $453.60 is collected 


on the purchase of a used car for $7560. What is the 
sales tax rate? 
Translate to a proportion. Then solve. [6.4a, b] 


12. 24% of what is 16.8? 
22. Kim earns $753.50 for selling $6850 worth of 
televisions. What is the commission rate? 


13. 42 is what percent of 30? 


23. What is the rate of discount of this stepladder? 


14, What is 10.5% of 84? 


Solve. [6.5a, b] 


15. Favorite Ice Creams. According to a survey, 8.9% 
of those interviewed chose chocolate as their favorite 
ice cream flavor and 4.2% chose butter pecan. At 
this rate, of the 2000 students in a freshman class, 
how many would choose chocolate as their favorite 
ice cream? butter pecan? 


SPECIAL 
VALUE! 


$67 


8' Aluminum Stepladder 


Data: International Ice Cream Association 


16. Physicians Specializing in Psychiatry. Of the 
860,939 active physicians in the United States in 2015, 
37,736 specialized in psychiatry. What percent of the 
active physicians specialized in psychiatry? Round 


the answer to the nearest tenth of a percent. 24. An air conditioner has a marked price of $350. It 


is placed on sale at 12% off. What are the discount 
Data: AMA Physician Masterfile, December 2015 : and the sale price? 
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25. The price of a printer is marked down from $305 to 
$262.30. What is the rate of discount? 


26. An insurance salesperson receives a 0.7% commission. 
If $150,000 worth of life insurance is sold, what is 
the commission? 


Solve. [6.7a, b, c] 


27. What is the simple interest on $1800 at 6% for 
+ year? 


28. The Dress Shack borrows $24,000 at 10% simple 
interest for 60 days. Find (a) the amount of interest 
due and (b) the total amount that must be paid 
after 60 days. 


29. What is the simple interest on a principal of $2200 
at an interest rate of 5.5% for 1 year? 


30. The Garcias invest $7500 in an investment account 
paying an annual interest rate of 4%, compounded 
monthly. How much is in the account after 
3 months? 


31. Find the amount in an investment account if $8000 
is invested at 2.4%, compounded annually, for 
2 years. 


32. Credit Cards. At the end of her junior year of 
college, Kasha has a balance of $6428.74 on a 
credit card with an annual percentage rate (APR) 
of 18.7%. She decides not to make additional 
purchases with this card until she has paid off the 
balance. 


a) Many credit cards require a minimum payment 
of 2% of the balance. At this rate, what is 
Kasha’s minimum payment on a balance of 
$6428.74? Round the answer to the nearest 
dollar. 

b) Find the amount of interest and the amount 
applied to reduce the principal in the minimum 
payment found in part (a). 


c) If Kasha had transferred her balance to a 
card with an APR of 13.2%, how much of her 
payment would be interest and how much would 
be applied to reduce the principal? 


d) Compare the amounts for 13.2% from part (c) 
with the amounts for 18.7% from part (b). 


33. A fishing boat listed at $16,500 is on sale at 15% off. 
What is the sale price? [6.6c] 
A. $14,025 
C. 85% 


B. $2475 
D. $14,225 


34. Find the amount in a money market account 
if $10,500 is invested at 6%, compounded 
semiannually, for 1} years. [6.7b] 


A. $11,139.45 B. $12,505.67 
C. $11,473.63 D. $10,976.03 


Synthesis oes 


35. Mike’s Bike Shop reduces the price of a bicycle by 
40% during a sale. By what percent must the store 
increase the sale price, after the sale, to get back to 
the original price? [6.6c] 


36. A worker receives raises of 3%, 6%, and then 
9%. By what percent has the original salary 
increased? [6.5a] 


Understanding Through Discussion and Writing 


1. Which is the better deal for a consumer and why: a 
discount of 40% or a discount of 20% followed by 
another of 22%? [6.6c] 


2. Which is better for a wage earner, and why: a 10% 


raise followed by a 5% raise a year later or a 5% raise 


followed by a 10% raise a year later? [6.5a] 


3. Ollie bought a microwave oven during a 10%-off sale. 


The sale price that Ollie paid was $162. To find the 
original price, Ollie calculates 10% of $162 and adds 


that to $162. Is this correct? Why or why not? [6.6c] : 


4. You take 40% of 50% of a number. What percent 
of the number could you take to obtain the same 
result making only one multiplication? Explain 
your answer. [6.5a] 


5. A firm must choose between borrowing $5000 at 
10% for 30 days and borrowing $10,000 at 8% for 
60 days. Give arguments in favor of and against 
each option. [6.7a| 

6. On the basis of the mathematics presented in 
Section 6.7, discuss what you have learned about 
interest rates and credit cards. [6.7c| 
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CHAPTER 


For step-by-step test solutions, access the Chapter Test Prep Videos 
in MyLab Math. 


For 
Extra 


1. Multivitamin-Mineral Supplements. 


Find decimal notation for 31.9%. 
Data: JAMA Internal Medicine, Regan L. Bailey et al. 


iil 
3. Find percent notation for 3 


5. Translate to a percent equation. Then solve. 
What is 40% of 55? 


Solve. 


7. Paying for Health Care. The U.S. health care bill 
is $3.2 trillion annually. The pie chart below shows 
the percents of the bill paid by various payers. How 
much of the bill is paid by private health insurance? 
Medicaid? Round the answers to the nearest 
hundredth of a trillion. 


Data: money.cnn.com, December 2016 


VA/Military 


Out of pocket 


n% Private health 


insurance 


33% 


Medicaid — 
17% Medicare 
20% 


DATA: money.cnn.com, December 2016 


9. Foreign Adoptions. 


5370 in 2016. Find the percent decrease. 
Data: U.S. State Department; USA TODAY, August 13, 2016 


11. Oklahoma Sales Tax The sales tax rate in Oklahoma 


is 4.5%. How much tax is charged on a purchase of 
$560? What is the total price? 


13. The marked price of a ceiling fan is $200, and the item 


is on sale at 20% off. What are the discount and the 
sale price? 


15. A city orchestra invests $5200 at 6% simple interest. 
How much is in the account after 5 year? 


In 2013, 31.9% 
of U.S. adults took multivitamin-mineral supplements. 


The number of foreign children 
adopted by Americans declined from 5647 in 2015 to 


10. 


12. 


14. 


16. 


. Batting Average. 


. Gravity. The gravity of Mars is 0.38 as strong as 


Earth’s. Find percent notation for 0.38. 


Data: www.marsinstitute.info/epo/mermarsfacts.html 


. Find fraction notation for 65%. 


. Translate to a proportion. Then solve. 


What percent of 80 is 65? 


Ben Zobrist, second baseman for 
the Chicago Cubs, got 142 hits during the 2016 baseball 
season. This was about 27.1% of his at-bats. How 
many at-bats did he have? 


Data: Major League Baseball 


There are about 7,432,000,000 people living in the world 
today, and approximately 4,436,000,000 live in Asia. 
What percent of people live in Asia? 


Data: Population Division/International Programs Center, U.S. Census 
Bureau, U.S. Dept. of Commerce 


Noah’s commission rate is 15%. What is his 
commission on the sale of $4200 worth of 
merchandise? 


What is the simple interest on a principal of $120 at 
the interest rate of 7.1% for 1 year? 


Find the amount in an account if $1000 is invested at 53%, 
compounded annually, for 2 years. 


Test: Chapter 6 405 


18. Job Opportunities. 


after 3 years? 


table by filling in the missing numbers. 


17. The Suarez family invests $10,000 at an annual interest rate of 4.9%, compounded monthly. How much is in the account 


The table below lists job opportunities in 2014 and projected increases for 2024. Complete the 


Total Projected 
Employment Employment Percent of 
Occupation in 2014 in 2024 Increase 
Interpreters and translators 61,000 78,500 17500 28.7% 
Home health aides 913,500 348,400 
Wind turbine technicians 4400 9200 
Kindergarten and 1,605,200 87,800 
elementary teachers 
Electricians 628,800 85,900 
DATA: Occupational Outlook Handbook 
19. Find the discount and the rate of discount for the 20. Credit Cards. Jayden has a balance of $2704.27 
television in this ad. on a credit card with an annual percentage rate of 
16.3%. The minimum payment required on the current 
= statement is $54. Find the amount of interest and the 
19" LOD HDTV amount applied to reduce the principal in this payment 
and the balance after this payment. 
y] 9 9 
was $349” 


21. 0.75% of what number is 300? 


A. 2.25 B. 40,000 C. 400 D. 225 


SVMENCSIS 30 cee ies ek aren 


22. By selling a home without using a realtor, Juan and 
Marie can avoid paying a 7.5% commission. They 
receive an offer of $180,000 from a potential buyer. In 
order to give a comparable offer, for what price would 
a realtor need to sell the house? Round to the nearest 
hundred. 
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23. Karen’s commission rate is 3%. She invests her 
commission from the sale of $124,000 worth of 
merchandise at an interest rate of 4%, compounded 
quarterly. How much is Karen’s investment worth after 
6 months? 
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CHAPTERS 


Cumulative Review 


1. Fatal Medical Errors. Medical error ranks third Compute and simplify. 
behind heart disease and cancer as a cause of death : 6 5 
in the United States. In a recent year, the number of 5 Bh Sar ile 14. 46.9 + 2.84 
deaths from medical error was 362,894 less than the : 5 6 
number of deaths from heart disease. Find the number 
of deaths from medical error. Use the information in 
the table below. 
ANNUAL DEATHS IN THE UNITED STATES pas ue : : ie ae nea 
CAUSE OF DEATH NUMBER OF DEATHS a 2 iil 2 
Heart disease 614,348 
Cancer 591,699 
Medical error ? ; 
Accidents 136,053 Sag 3 _ 42 ao 
Stroke 133,103 2 3 27 
Alzheimer’s 93,541 
DATA: Johns Hopkins School of Medicine; National Center for Health : 
Statistics; The BMJ; AARP Bulletin, July/August 2016 > 49, Te: 20. ae aae: 
: 9 14 x 3,6 00 
2. Find percent notation: 0.269. 
9 : 
3. Find percent notation: <=. g 46.012 3 2 
2 PAL 220 = ae 
: x 0.03 ag 
: : eels 
4, Find decimal notation: me: 
5. Write fraction notation for the ratio 5 to 0.5. 
23. 431.2 + 35.2 ML iIS)LS5 0 
6. Find the rate in kilometers per hour: 350 km, 15 hr. 
Use <, >, or = for| | to write a true sentence. 
: Solve. 
opp 2, og 2 
-7Lig " 44 4195 : 25. 36-x = 3420 26. y + 142.87 = 151 
Estimate the sum or the difference by first rounding to the 
nearest hundred. : 
: 2 6 3 5 
9. 263,961 + 32,090 + 127.89 8 Of, ops = Si pa Se 
is 25 ee eG 
10. 73,510 — 23,450 
Calculate. y 24 I@ — wil 
1146 — (AO 4) es | C205 a ea 


i, [OBOE =o = 49) 4b Glos = 1s 


Cumulative Review: Chapters 1-6 407 


31. 


32. 


33. 


34. 


ab 


36. 
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Museum Attendance. Students benefit from their 
school’s membership in the Children’s Museum of 
Indianapolis. Currently 112 schools have memberships, 
and in 2016 102,000 students visited with their schools. 
This number represented about 8% of the total 
attendance that year. How many children and adults 
visited the Children’s Museum of Indianapolis in 
2016? 


Data: Children’s Museum of Indianapolis 


Salary of Farmer. (n 2016, the median pay for a 
veterinarian was $22,410 higher than the median pay 
for a farmer. If the pay for a veterinarian was $88,770, 
what was the pay for a farmer? 


Data: U.S. Bureau of Labor Statistics; Occupational Outlook Handbook 


At one point during the 2016-2017 NBA season, the 
Utah Jazz had won 16 out of 26 games. At this rate, 
how many games would they have won in the entire 
season of 82 games? 


Data: National Basketball Association 


Shirts. A total of $424.75 was paid for 5 equally 
priced shirts at an upscale men’s store. How much did 
each shirt cost? 


Unit Price. A 200-oz bottle of liquid laundry 
detergent costs $14.99. What is the unit price? 


Tiana walked a mi to school and then * mi to the 
library. How far did she walk? 


CHAPTER6 = Percent Notation 


37. 


38. 


39. 


40. 


41. 


42. 


On a map, 1 in. represents 80 mi. How much does 3 in. 
represent? 


Compound Interest. The Bakers invest $8500 in 
an investment account paying 4%, compounded 
monthly. How much is in the account after 

5 years? 


Ribbons. How many pieces of ribbon 12 yd 
long can be cut from a length of ribbon 9 yd 
long? 


Physical Therapists. In 2016, 210,900 people were 
employed as physical therapists. It is projected that 
by 2024, this number will increase by 71,800. Find the 
projected percent increase in the number of physical ther- 
apists and the number of physical therapists in 2024. 


Data: U.S. Bureau of Labor Statistics; Occupational Outlook Handbook 


ee ela 
Subtract and simplify: 35 20° 
11 iil 
A. 500 B. & 
41 205 
€; 100 D. 500 


The population of the state of Louisiana decreased 
from 4,468,976 in 2000 to 4,287,768 in 2006. What was 
the percent decrease? 


Data: U.S. Census Bureau 


A. 4.1% B. 4.2% 
C. 104% D. 95.9% 
SVIICHGSIS@ ne ee ee ene 


43. 


If a is 50% of b, then b is what percent of a? 
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7.1 Interpreting Data from 
Tables and Graphs 


7.2 Interpreting and Drawing 
Bar Graphs and Line Graphs 


7.3 Descriptive Statistics 


Mid-Chapter Review 


7.4 Frequency Distributions and 
Histograms 


7.5 Probability 


Translating for Success 
Summary and Review 
Test 

Cumulative Review 


Data, Graphs, and Statistics 
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Traffic congestion in the United States in 2014 cost commuters $160 billion, wasted 
3.1 billion gallons of fuel, and resulted in 6.9 billion hours of delay, or 42 hours of 
delay per auto commuter. 
The average commuter delay 
nearly doubled from 1986 

to 2014, as shown in the 
accompanying line graph. 
Traffic congestion not 
only wastes time and fuel, 
but also causes increases 
in stress and pollution 
and delays in response of 
emergency vehicles. 


Traffic Congestion Delays 


50 


ips) 
oO 


RB 
j=) 


DATA: 2015 Urban Mobility 
Scorecard, The Texas A&M 1986 1990 1994 1998 2002 2006 2010 2014 


Transportation Institute and Year 
INRIX; usatoday.com 


In Exercises 26-30 of Exercise Set 7.2, we will use a bar graph to 
compare average commuting times for various cities, and in Exercise 8 
of Exercise Set 7.3, we will find the mean, median, and mode of hours 


of traffic delay. 
= 


410 


(aj Extract and interpret data 


b Extract and interpret data 


STUDYING FORSUCCESS Doing Your Homework 


(_] Prepare for doing homework by reading explanations of concepts and by following the 
step-by-step solutions of examples in the text. 

(-) Include all the steps when solving a problem. This will keep you organized, help you avoid 
computational errors, and give you a study guide for an exam. 

(_] Try to do your homework as soon as possible after each class. Avoid waiting until a 
deadline is near to begin work on an assignment. 


Interpreting Data from 


7 . 1 Tables and Graphs 


OBJECTIVES 


We use tables and graphs to display data and to communicate information 
about the data. For example, the following table and graphs display data on 
the resting heart rate for several mammals. Examine each method of presen- 


from tables. tation. Which method do you like best, and why? 


from graphs. Table 
PT xouse [cares | car [oman | worse | eer 
Average 


resting heart 
rate (in beats 
per minute) 


500 28 


DATA: elephantnaturepark.org; vetmedicine.about.com; giraffeconservation.org; 
learningabouthorses.com 


Pictograph Bar Graph 
Resting Heart Rate 


Mouse a ae 


Resting heart rate 
(in number of beats per minute) 


Mouse Giraffe Cat Human Horse Elephant 
Mammal 
yy = 50 beats per minute 


2s an 
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Comparing the table and the graphs reveals that the exact data values 
are most easily read in a table. The fastest and slowest heart rates can be 
determined easily from the graphs. The graph below communicates addi- 
tional information about the data. The size of each mammal in this graph 
indicates the heart rate, not the actual size of the animal. The unexpected 
relative sizes of the mammals in the graph emphasize the fact that many small 
animals have faster heart rates than larger animals. 


a READING AND INTERPRETING TABLES 


A table is often used to present data in rows and columns. 


EXAMPLE 1 Population Density. The following table lists populations 
and land areas of 10 countries. 


POPULATION 
DENSITY 
LAND AREA POPULATION (per square mile) 

Australia 2,941,299 20,434,176 23,232,413 

Brazil 3,265,077 190,010,647 207,353,391 a 
China 3,600,947 1,321,851,888 1,379,302,771 367 383 
Finland 117,558 5,238,460 5,518,371 45 47 
Germany 134,836 82,400,996 80,594,017 611 598 
India 1,147,955 1,129,866,154 1,281,935,911 984 1117 
Japan 144,689 127,433,494 126,451,398 881 874 
Kenya 219,789 36,913,721 47,615,739 168 217 
Mexico 742,490 108,700,891 124,574,795 146 168 
United States 3,537,439 301,139,947 326,625,791 85 92 

DATA: World Almanac 2008; U.S. Census Bureau 
SECTION 7.1 


Interpreting Data from Tables and Graphs 


Use 


the table in Example 1 to 


answer Margin Exercises 1-5. 


1. 


5. 


Which country has the 
smallest land area? 


. What was the population of 


Mexico in 2017? 


. What was the percent decrease 


in population density in 
Germany from 2008 to 2017? 
The amount of the decrease in 
population density is 


611 — 598 = 
The percent decrease is 
1 
Bee = 0.021, or %. 


. Which country had the 


greatest increase in population 
from 2008 to 2017? 


Find the average population 
density of these countries in 
2017. 


Answers 
1. Finland 2. 124,574,795 3. About 2.1% 


4, In 
5. 35 


dia, with an increase of 152,069,757 
6.8 people per square mile 


Guided Solution: 


3. 13 
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a) Which country had the largest population in 2017? 


b) In which country or countries did the population decrease from 2008 


to 2017? 


c) What was the percent increase in population density in India from 2008 to 


2017? 


d) Find the average land area of the four largest countries in the table. 


Careful examination of the table allows us to answer the questions. 


a) Note that the column head “Population” actually refers to two table 


b 


— 


c) 


d 


— 


columns. We look down the Population column headed “2017” and find the 
largest number. That number is 1,379,302,771. Then we look across that row 
to find the name of the country: China. 


Comparing the Population columns headed “2008” and “2017,” we see that 
the population decreased in the fifth row (from 82,400,996 to 80,594,017) 
and in the seventh row (from 127,433,494 to 126,451,398). Looking across 
these rows, we find the countries: Germany and Japan. 


We look down the column headed “Country” and find India. Then we look 
across that row to the columns headed “Population Density.” The popula- 
tion density of India in 2008 was 984 people per square mile. It increased 
to 1117 people per square mile in 2017. To find the percent increase, we 
find the amount of increase and divide by the population density in 2008. 


Amount of Increase: 1117 — 984 = 133 


133 
Percent Increase: —— = 0.135 = 13.5% 
984 


The population density of India increased by about 13.5% from 2008 to 2017 


By looking down the column headed “Land Area,” we determine that the 
four largest countries in the table are Australia, Brazil, China, and the 
United States. We find the average land area of these countries: 


2,941,299 + 3,265,077 + 3,600,947 + 3,537,439 — 13,344,762 


4 4 
= 3,336,190.5 sq mi. 


<@ Do Exercises 1-5. 


Db READING AND INTERPRETING GRAPHS 


Multiply using mixed numerals. {3.6a| 
Multiply. 
1. a2 x 800 2. i x 3020 
2 4 


Answers: 1. 2800 2. 5285 


MyLab Math 
VIDEO 


Pictographs (or picture graphs) are another way to show information. Instead 
of actually listing the amounts to be considered, a pictograph uses symbols 
to represent the amounts. A pictograph includes a key that tells what each 
symbol represents. 


Data, Graphs, and Statistics 


EXAMPLE 2. Roller Coasters. 


The following pictograph shows the num- 


ber of roller coasters listed in the Roller Coaster Data Base for six continents. 
Below the graph is a key that tells you that each iif represents 100 roller 
coasters. 


Roller Coasters of the World 


a) 
b) 
c) 


a) 


b) 


c) 


sons ba a 
a NS eS “ae 


J = 100 roller coasters 


Which continent has the greatest number of roller coasters? 

About how many roller coasters are there in Australia? 

How many more roller coasters are there in Europe than in North 
America? 

We can determine the answers by reading the pictograph. 

The continent with the most symbols is Asia, so Asia has the greatest 
number of roller coasters. 
The pictograph shows about } symbol for Australia. Since each symbol 
represents 100 roller coasters, fee are about } z X 100, or 25, roller coast- 
ers in Australia. 
From the graph, we see that there are about 113 x 100, or 1175, roller 
coasters in Europe and about 83 X 100, or 875, roller coasters in North 


America. Thus, there are about 1175 — 875, or 300, more roller coasters 
in Europe than in North America. We could also estimate this difference 
by noting that Europe has 3 more symbols than North America does, and 
3 X 100 = 300. 


Do Exercises 6-8. > 


When representing data with graphs, we must be sure that the areas of 


regions of the graph are proportional to the numbers that the regions rep- 
resent. For example, in pictographs, each symbol is the same size, and the 
number of symbols is proportional to the actual data values. Thus, the total 
area of the symbols is proportional to the data values. This area principle is 
illustrated in the following example. 


SECTION 7.1 


Use the pictograph in Example 2 to 
answer Margin Exercises 6-8. 


6. 


B® s 


Which continent has the 
smallest number of roller 
coasters? 


About how many roller 
coasters are there in Asia? 


How many more roller coast- 
ers are there in South America 
than in Africa? 


The graph shows about 13 sym- 


bols for South America. 
This represents roller 
coasters. 


Hine graph shows about 
3 symbol for Africa. 


This represents roller 
coasters. 
There are about more 


roller coasters in South 
America than in Africa. 


Answers 
6. Australia 7. 2100 roller coasters 
8. About 100 more roller coasters 


Guided Solution: 
8. 175; 75; 100 
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Use 


the graph in Example 3 to 


answer Margin Exercises 9-12. 


9. 


10. 


11. 


12. 


How much electricity is 
generated annually from 
natural gas? 


Which method generates the 
most electricity? 


Solar, geothermal, hydropower, 
and wind are all considered 
renewable energy sources. 
How much electricity is gener- 
ated annually from renewable 
sources? 


Is nuclear generation of 
electricity more or less efficient 
than hydropower generation? 


Answers 


9. 1 
11. 5 


379 billion kWh 10. Natural gas 
46 billion kWh 12. Nuclear 


generation of electricity is less efficient 
than hydropower generation. 
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EXAMPLE 3 Electricity Generation. The following graph illustrates the 
different methods used in the United States to generate electricity. Each 
darker (smaller) circle represents the amount of electricity generated in 1 year, 
in billions of kilowatt-hours (kWh). Some methods of electricity generation 
are more efficient than others. The lighter circle surrounding each darker 
circle represents the amount of electricity that could have been generated if 
the method were 100% efficient. 


US. Electricity Generation (in billions of kWh) 


Natural Gas Coal Nuclear 
1240 
Petroleum Geothermal Hydropower Solar Wind 
24 16 37 


DATA: U.S. Energy Information Administration; brighthubengineering.com 


a) How much electricity is generated annually with wind? 
b) Which method generates the least electricity? 
c) Which method of electricity generation is the most efficient? 


d) Is solar generation of electricity more or less efficient than wind 
generation? 


We use the information in the graph to answer the questions. Note that 
the area of the lighter circle that is not covered by the darker circle represents 
the amount of energy lost or wasted during the generation process. 


a) From the darker green circle labeled “Wind,” we see that 228 billion kWh 
of electricity is generated annually with wind. 


b) The smallest darker circle is labeled “Geothermal,” so the least electricity 
is generated by geothermal methods. 


c) The darker circle that most nearly fills its outer circle is labeled “Hydro- 
power,” so hydropower generation is the most efficient. 


d) The darker yellow circle labeled “Solar” occupies less of the area of its 
surrounding circle than does the darker green circle labeled “Wind.” Thus, 
solar generation of electricity is less efficient than wind generation. 


@ Do Exercises 9-12. 


We often use circle graphs, also called pie charts, to show the percent of 
a quantity in each of several categories. Circle graphs can also be used very 
effectively to show visually the ratio of one category to another. In either 
case, it is quite often necessary to use mathematics to find the actual amounts 
represented for each specific category. 


Data, Graphs, and Statistics 


EXAMPLE 4 Endangered Species. According to the International Union 
for Conservation of Nature, seven species of whales are endangered or near- 
threatened. The following circle graph shows the approximate percentage 
of the entire population of endangered or near-threatened whales that each 
species represents. 


Endangered or Near-Threatened Whales 

Beluga 

20% 

North Pacific 
right 0.4% 


North Atlantic 
right 0.3% 


Fin 
35% 


Narwhal 
25% 


a) Which species has the greatest population? 


b) The total number of whales in these seven species is about 300,000. How 
many blue whales are there? 


c) What percent of the total population of endangered or near-threatened 
whales are right whales? 


We look at the sections of the graph to find the answers. 


— 


The largest section (or sector) of the graph represents 35% of the popula- 
tion and corresponds to fin whales. 


a 


b 


— 


The section representing blue whales is 4.3% of the circle. Since 4.3% of 
300,000 is 12,900, there are approximately 12,900 blue whales. 


c) There are two kinds of right whales represented on the graph: North 
Pacific right whales and North Atlantic right whales. We add the percents 
corresponding to these whales: 


0.4% + 0.3% = 0.7%. 
Do Exercises 13-15. D> 


VY Check Your Understanding 


Reading Check Determine whether each statement is true or false. 


FOR 
EXTRA @ MyLab Math 
HELP 


Use the circle graph in Example 4 
to answer Margin Exercises 13-15. 


13. Which species accounts for 
20% of the entire population of 
endangered or near-threatened 
whales? 


14. What percent of the population 
of endangered or near- 
threatened whales are fin 
whales or sei whales? 


15. The total number of whales 
in these seven species is about 
300,000. How many fin whales 
are there? 


Answers 


13. Beluga whales 14. 50% 
15. 105,000 fin whales 


RC1. There is only one correct way to represent a set of data. 

RC2. It is usually easy to read exact amounts from a pictograph. 

RC3. A circle graph follows the area principle. 

RC4. If the same data were displayed in a table and in a pictograph, we would have to use 


the pictograph to determine a maximum or a minimum. 
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Concept Check The following statements refer to the graph on the right. Determine whether each statement is 


true or false. 


CCl. Anita spent 100% of her 
disposable income on music, clothing, electronics, 
and dining out. 


CC2. Anita spent more than half of 
her disposable income on clothing. 


CC3. Anita spent about ; of her 
disposable income on music. 


CC4. Anita spent about the same 
amount on electronics as she spent on dining out 
and music combined. 


CC5. If Anita has $100 in disposable 
income, she spends about $50 on electronics. 


Anita’s Use of Disposable Income 
Dining out 


Music 
Electronics 


Clothing 


a Heat Index. \n warm weather, a person can feel hot because of reduced heat loss from the skin caused by higher 
humidity. The temperature—humidity index, or apparent temperature, is what the temperature would have to be with 
no humidity in order to give the same heat effect. The following table lists the apparent temperatures for various 
actual temperatures and relative humidities. Use this table for Exercises 1-12. 


ACTUAL 
TEMPERATURE 


PCF 


In Exercises 1-4, find the apparent temperature for the given actual temperature and humidity combinations. 


L 


1) 


~ 


\o 


11. 


80°, 60% 2. 90°, 70% 


Which temperature—humidity combinations give an 


apparent temperature of 100°? 


At a relative humidity of 50%, what actual temperatures 
give an apparent temperature above 100°? 


At an actual temperature of 95°, what relative humidities 
give an apparent temperature above 100°? 


At an actual temperature of 85°, what is the difference 
in humidities required to raise the apparent temperature 
from 94° to 108°? 
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3. 


6. 


10. 


85°, 90% 4. 95°, 80% 


Which temperature-humidity combinations give an 
apparent temperature of 111°? 


At arelative humidity of 90%, what actual temperatures 
give an apparent temperature above 100°? 


At an actual temperature of 85°, what relative humidities 
give an apparent temperature above 100°? 


At an actual temperature of 80°, what is the difference 
in humidities required to raise the apparent temperature 
from 87° to 102°? 
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Planets. 


Use the following table, which lists information about the planets, for Exercises 13-18. 


AVERAGE 
DISTANCE 


LENGTH OF 
PLANET’S DAY 
IN EARTH TIME 


TIME OF 
REVOLUTION 
IN EARTH TIME 


FROM SUN DIAMETER 


PLANET 


Mercury 
Venus 
Earth 
Mars 
Jupiter 
Saturn 
Uranus 


Neptune 


(in miles) 

35,983,000 
67,237,700 
92,955,900 
141,634,800 
483,612,200 | 


888,184,000 | 
1,782,000,000 | 


2,794,000,000 


(in miles) 


“31765 
31,329 


(in days) 


(in years) 


DATA: The Handy Science Answer Book, Gale Research, Inc. 


13. Find the average distance from the sun to Jupiter. 


15. Which planet has a time of revolution of 164.78 years? 


17. About how many Earth diameters equal one Jupiter 
diameter? 


Nutrition Facts. 


14. How long is a day on Venus? 


16. Which planet has a diameter of 4221 mi? 


18. How much longer is the longest time of revolution than 
the shortest? 


Most foods are required by law to come with factual information regarding nutrition, like that in 


the following table of nutrition facts from a box of breakfast cereal. Use the nutrition data for Exercises 19-24 
on the next page. 
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19. 


21. 


23. 


Db Rhino Population. 


25. 


27. 


29. 
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Suppose your breakfast consists of 15 cups of cereal 


with 1 cup of fat-free milk. How many calories do you 
consume? 


A nutritionist recommends that you look for foods that 
provide 10% or more of the daily value of vitamin C. 
Do you get that with 1 serving of cereal and 5 cup of 
fat-free milk? 


Suppose your breakfast consists of 13 cups of cereal 
with 1 cup of fat-free milk. How much sodium do you 
consume? (Hint: Use the data listed in the first foot- 
note below the table of nutrition facts.) 


20. 


22. 


24. 


Suppose your breakfast consists of 15 cups of cereal 
with 1 cup of fat-free milk. What percent of the daily 
value of dietary fiber do you consume? 


Suppose you are trying to limit your daily caloric 
intake to 2000 calories. How many servings of cereal 
alone would it take to exceed 2000 calories? 


Suppose your breakfast consists of 15 cups of cereal 
with 1 cup of fat-free milk. How much protein do you 
consume? (Hint: Use the data listed in the first foot- 
note below the table of nutrition facts.) 


The rhinoceros is considered one of the world’s most endangered animals. The total number 


of rhinos worldwide is approximately 33,200. The following pictograph shows the populations of the five remaining 


rhino species. Located in the graph is a key that tells you that each symbol ay 


for Exercises 25-30. 


Rhino Population 
(Remaining Species) 


! ) 
DATA: savetherhino.org 


Which species has the greatest number of rhinos? 


How many more black rhinos are there than greater 
one-horned rhinos? 


How many times as large is the white rhino population 
than the greater one-horned rhino population? 


Data, Graphs, and Statistics 


26. 


28. 


30. 


represents 500 rhinos. Use the pictograph 


Which species has the least number of rhinos? 


How many more white rhinos are there than black 
rhinos? 


How many more African rhinos are there than Asian 
rhinos? 
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Personal Consumption Expenditures. The following graph shows the amounts of personal consumption expenditures, 
in dollars per person per year, in the United States, for four years. The graph also shows the amounts spent on food and on 
financial services and insurance for those years, labeled as percents of the personal consumption expenditures. Use the 


graph for Exercises 31-38. 


Personal Consumption Expenditures 


1950 1970 1990 


$1270 $3164 


3% 22% 


T% 16% 


"> Food 


.~ Financial services 
and insurance 


2010 


DATA: TIME, October 10, 2011, p. 32; infoplease.com; U.S. Census Bureau 


31. How much were personal consumption expenditures 
per person in 1950? 


33. For which of the years shown was more spent on food 
than on financial services and insurance? 


35. How much per person was spent on food in 1990? 


37. a) How much less, as a percent of personal consump- 
tion expenditures, was spent on food in 2010 than in 
1950? 
b) How much more, in dollars, was spent on food in 
2010 than in 1950? 


32. How much were personal consumption expenditures 
per person in 2010? 


34. For which of the years shown was more spent on finan- 
cial services and insurance than on food? 


36. How much per person was spent on financial services 
and insurance in 1970? 


38. a) How much more, as a percent of personal consump- 
tion expenditures, was spent on financial services 
and insurance in 2010 than in 1950? 
b) How much more, in dollars, was spent on financial 
services and insurance in 2010 than in 1950? 


Foreign Students. The circle graph below shows the foreign countries sending the most students to the United 
States to attend colleges and universities. Use this graph for Exercises 39-44. 


39. What percent of foreign students are from South 
Korea? 


40. Together, what percent of foreign students are from 
China and Taiwan? 


41. In 2016, there were approximately 1,040,000 foreign 
students studying at colleges and universities in the 
United States. According to the data in the graph, how 
many were from India? 


42. In 2016, there were approximately 1,040,000 foreign 
students studying in the United States. How many 
were from Saudi Arabia? 


43. Which country accounted for 3% of the foreign 
students? 


Home Country of Foreign Students Enrolled 
in U.S. Colleges and Universities, 2016 

Taiwan 2% 

Mexico 2% Japan 2% 
Brazil 2% Vietnam 2% 
China 
: 32% 
India 
16% 


Canada 3% 


South Korea 
6% 

Saudi 

Arabia 
6% 


Other 
27% 


DATA: Institute of International Education 


44, Which country accounted for 16% of the foreign 
students? 
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Interpreting and Drawing Bar Graphs 


7 x 2 and Line Graphs 


OBJECTIVES 


fa] Extract and interpret data 
from bar graphs. 

Bi Draw bar graphs. 

fej Extract and interpret data 
from line graphs. 


da Draw line graphs. 


a READING AND INTERPRETING BAR GRAPHS 


Given a pair of numbers in decimal notation, tell which is larger. [4.1c] 
Which number is larger? 
1. 0.078, 0.1 2. 36.4, 9.875 


Answers: 1. 0.1 2. 36.4 
MyLab Math 
VIDEO 


A bar graph is convenient for showing comparisons because you can tell at 
a glance which quantity is the largest or smallest. A scale is usually included 
with a bar graph so that estimates of values can be made with some accuracy. 
Bar graphs may be drawn horizontally or vertically, and sometimes a double 
bar graph is used to make comparisons. 


EXAMPLE 1 Coffee and Tea Consumption. The following horizontal 
bar graph is a double bar graph, showing per capita consumption, in pounds 
per person per year, of both coffee and tea for several countries. 


Coffee and Tea Consumption 


Australia — : ain Coffee 
Brazil 
Finland 
Germany 


Treland 

Turkey 

United Kingdom [™ 
United States ™ 


0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 
Number of pounds per person per year 


DATA: caffeineinformer.com; irishexaminer.com; joe.ie; msn.com 


a) Which country has the highest per capita coffee consumption? 

b) What is the per capita tea consumption in Germany? 

c) In which countries do people consume more pounds of tea than coffee 
each year? 

d) In which two countries do people consume about the same amount of 
coffee? 

e) Inwhich countries is per capita coffee consumption greater than 10 pounds 
per year? 

We use the graph to answer the questions. 


a) The longest brown bar is for Finland. Thus, Finland has the highest coffee 
consumption per capita. 

b) We look to the right along the green bar associated with Germany. Since 
it ends halfway between 1 and 2, we estimate Germany’s per capita tea 
consumption to be 1.5 pounds per year. 

c) The green bars are longer than the brown bars for Turkey and the United 
Kingdom, so people in Turkey and in the United Kingdom consume, on 
average, more pounds of tea than coffee each year. 
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d) The brown bars are the same length for Brazil and Germany; both coun- 
tries have a per capita consumption of about 12 pounds of coffee per year. 
The people in Brazil and Germany, on average, consume about the same 
amount of coffee per year. 


e) We move across the horizontal scale to 10. From there we move up, noting 
any brown bars that are longer than 10 units. We see that per capita coffee 
consumption is greater than 10 pounds per year in Brazil, Finland, and 
Germany. 


Do Exercises 1-3. > 


1B) DRAWING BAR GRAPHS 


EXAMPLE 2 Population by Age. Listed below are U.S. population data 
for selected age groups. Make a vertical bar graph of the data. 


PEs 
AGE GROUP POPULATION 

Under 5 years 7% 

5 to 17 years 17% 

18 to 24 years 10% 

25 to 44 years 27% 

45 to 64 years 26% 

65 years and over 13% 


DATA: U.S. Census Bureau 


First, we indicate the age groups in six equally spaced intervals on the 
horizontal scale and give the horizontal scale the title “Age category.” (See 
the figure on the left below.) 

Next, we scale the vertical axis. To do so, we look over the data and note 
that it ranges from 7% to 27%. We start the vertical scaling at 0, labeling 
the marks by 5’s from 0 to 30. We give the vertical scale the title “Percent of 
population” and the graph the overall title “U.S. Population by Age.” 

Finally, we draw vertical bars to show the various percents, as shown in 
the figure on the right below. 


US. Population by Age 
30% 30% 


US. Population by Age 


Percent of population 
a 

Percent of population 
a 


5 
RS 
> 


< S < 
w Ly Ne ave em aS a ~w yy we nee Nee - 
Age category Age category 


Do Exercise 4. > 
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Use the bar graph in Example 1 to 
answer Margin Exercises 1-3. 


1. 


4. Planetary Moons. 


What is the per capita coffee 
consumption in the United 
Kingdom? 


In which countries is per capita 
tea consumption less than 
2 pounds per year? 


How many more pounds of cof- 
fee are consumed per person in 
the United States than pounds 
of tea? 


Make a 
horizontal bar graph to show 
the numbers of moons orbiting 
the various planets. 


| PLANET | MOONS 
Earth 1 
Mars 
Jupiter 63 
Saturn 60 
Uranus 27 
Neptune 13 


DATA: National Aeronautics and 
Space Administration 


Answers 


1. About 3.7 pounds per year 

2. Australia, Brazil, Finland, Germany, 
and the United States 3. About 6 pounds 
per person 


4. 


Planet 


Planetary Moons 
Earth 
Mars 
Jupiter 
Saturn |= 


Uranus |! 


Neptune | 
Pods Hees ea pee LS 
4 12 20 28 36 44 52 60 68 
Number of moons 
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Use the line graph in Example 3 to 


answer Margin Exercises 5-7. 


5. For which year after 1980 was 
the average price of gold the 


lowest? 


6. Between which years did the 
average price of gold increase 


by about $800 per ounce? 


7. For which years was the 


average price of gold less than 


$400 per ounce? 


We look from left to right along 


a line at $ 


The points on the graph that 
are below this line correspond 
to the years 1970, 1975, 1985, 
1990, 1995, and 


Answers 


per ounce. 


5. 2000 6. Between 2005 and 2010 
7. 1970, 1975, 1985, 1990, 1995, 2000 
Guided Solution: 
7. 400; 2000 
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bcs 


ic READING AND INTERPRETING LINE GRAPHS 


Line graphs are often used to show a change over time as well as to indicate 
patterns or trends. 


EXAMPLE 3 Gold. The following line graph shows the average price of 
gold, in dollars per ounce, for various years from 1970 to 2015. 


Historic Gold Prices 
$1400 - 


3g _ 1200 

o 9 

« 5 1000 
oo 3 4 
3 By 800 ae wi 
ian 600 LM pS 
os 

£S 400 

>a 

to 200 


S 
&S 
4) 
DATA: statista.com 


a) For which year before 2000 was the average price of gold the highest? 
b) Between which years did the average price of gold decrease? 
c) For which year was the average price of gold about $1225 per ounce? 
d) By how much did the average price of gold decrease from 2010 to 2015? 
We look at the graph to answer the questions. 
a) Before 2000, the highest point on the graph corresponds to 1980. The 
highest average price of gold was about $610 per ounce in 1980. 


b) Reading the graph from left to right, we see that the average price of gold 
decreased from 1980 to 1985, from 1995 to 2000, and from 2010 to 2015. 


c) We look from left to right along a line at $1225 per ounce. We see that the 
average price of gold was about $1225 per ounce in 2010. 


Historic Gold Prices 
$1400 - 


1200 
1000 


Average price of gold 
(in dollars per ounce) 


DATA: statista.com 


d) The graph shows that the average price of gold was about $1225 per ounce 
in 2010 and about $1150 per ounce in 2015. Thus, the average price of gold 
decreased by $1225 — $1150 = $75 per ounce. 


<@ Do Exercises 5-7. 
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(@) DRAWING LINE GRAPHS 


EXAMPLE 4 Temperature in Enclosed Vehicle. The temperature inside 
an enclosed vehicle increases rapidly with time. Listed in the table below are 
the inside temperatures of an enclosed vehicle for specified elapsed times 
when the outside temperature is 80°F. Make a line graph of the data. 


TEMPERATURE IN 
ENCLOSED VEHICLE 
WITH OUTSIDE 

ELAPSED TIME TEMPERATURE 80°F 
10 min goe 
20 min 109° 
30 min 114° 
40 min 118° 
50 min 120° 
60 min 123° 

ee eee eee 


DATA: General Motors; Jan Null, Golden Gate Weather 
Services 


First, we indicate the 10-min elapsed time intervals on the horizontal 
scale and give the horizontal scale the title “Elapsed time (in minutes).” 
(See the figure on the left below.) Next, we scale the vertical axis by 10’s 
beginning with 80 to show the number of degrees and give the vertical scale 
the title “Temperature (in degrees).” The jagged line at the base of the verti- 
cal scale indicates that an unused portion of the scale has been omitted. We 
also give the graph the overall title “Temperature in Enclosed Vehicle with 
Outside Temperature 80°F.” 


Temperature in Temperature in 
Enclosed Vehicle with Enclosed Vehicle with 
Outside Temperature 80°F Outside Temperature 80°F 


130°F 130°F 


Temperature (in degrees) 
Re 
S 
So 
Temperature (in degrees) 
RB 
> 
So 


0 10 20 30 40 50 60 0 10 20 30 40 50 60 
Elapsed time (in minutes) Elapsed time (in minutes) 


Next, we mark the temperature at the appropriate level above each 
elapsed time. (See the figure on the right above.) Then we draw line seg- 
ments connecting the points. The rapid change in temperature can be 
observed easily from the graph. 


Do Exercise 8. D 


8. Phone Sales. Listed below are 
the numbers of Apple iPhones 
sold worldwide for the years 
2007-2016. Make a line graph 
of the data. 


NUMBER OF 
iPHONES SOLD 
(in millions) 


DATA: statista.com 


Answer 
8. Phone Sales 
250 ‘ otnncpeneng 


Ny 
=} 
S 


Number of iPhones sold 
(in millions) 


0 
2007 2009 2011 2013 2015 2017 
Year 
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FOR 
EXTRA 


Y Check Your Understanding 


Reading Check Determine whether each statement is true or false. 


RC1. 
RC2. 
RC3. 
RC4. 


Bar graphs may be drawn horizontally or vertically. 


A double bar graph indicates two amounts for each category. 


A line graph is always used to show trends over time. 


Some data could be illustrated using either a line graph or a bar graph. 


Concept Check Determine whether a line graph would be an appropriate way to display the information described. 


CC1. The number of each kind of tree present in a nature preserve 


CC2. The number of students enrolled in a communication class for the years between 2010 and 2018 


CC3. The price of a stock at the end of each week 


CC4. The percent of a state’s economy represented by each economic sector 


Chocolate Desserts. The following horizontal bar graph shows the average caloric content of various kinds of 
chocolate desserts. Use the bar graph for Exercises 1-8. 


Chocolate Desserts 
Premium chocolate 
ice cream, 1 cup 


Chocolate cake with 
fudge frosting, 1 slice 


Chocolate 
milkshake, 1 cup 


Candy bar with 
peanuts, 2 oz. 


Hot cocoa with 
whole milk, 1 cup 


Hot cocoa with 
skim milk, 1 cup 


Chocolate 
syrup, 2 T 
Calories 
1. Estimate how many calories there are in 1 cup of hot 2. Estimate how many calories there are in a 2-oz candy 
cocoa with skim milk. bar with peanuts. 
3. Which dessert has the highest caloric content? 4. Which dessert has the lowest caloric content? = 
z 
§ 
5. Which dessert contains about 460 calories? 6. Which desserts contain about 300 calories? 5 
a 
7. How many more calories are there in 1 cup of hot 8. If Emily drinks a 4-cup chocolate milkshake, how many = 
cocoa made with whole milk than in 1 cup of hot cocoa calories does she consume? 
made with skim milk? 3 
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Bearded Irises. 


A gardener planted six varieties of bearded iris in a new garden on campus. Students from the horticulture 


department were assigned to record data on the range of heights for each variety. The vertical bar graph below shows 
their results. The length of the light green shaded portion of each bar and the blossom illustrates the range of heights 
for a variety. For example, the range of heights for the miniature dwarf bearded iris is 2 in. to 9 in. Use the graph for 
Exercises 9-16. 


9. 


10. 


11. 


13. 


14. 


15. 


16. 


Which variety of iris has a minimum height of 17 in.? 


Which variety of iris has a maximum height of 28 in.? 


What is the range of heights for the border bearded iris? 


What is the range of heights for the standard dwarf 
bearded iris? 


Which variety of iris has the smallest range in heights? 


Which irises have a maximum height less than 16 in.? 


What is the difference between the maximum heights of 
the tallest iris and the shortest iris? 


Which irises have a range in heights less than 10 in.? 


Bachelor’s Degrees. The graph at right provides data on the 
numbers of bachelor’s degrees conferred on men and on women 
in selected fields. Use the bar graph for Exercises 17-20. 


17. 


18. 


19. 


In what fields were more bachelor’s degrees conferred on 
men than on women? 


How many more bachelor’s degrees were conferred on 
women in education than in communication? 


How many more bachelor’s degrees were conferred on 
women than on men in communication? 
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Bearded Irises 
40 


36a 


32 


28 


24 


20 


Height (in inches) 


16 


12 ee 


Variety of bearded iris 


DATA: irises.org 


Bachelor’s Degrees Conferred, 2013-2014 mm Men 
ma Women 


PR 
S 
jo) 


Number of bachelor’s degrees 
conferred (in thousands) 


DATA: National Center for Education Statistics 


20. In what fields was the total number of bachelor’s 


degrees conferred on men and on women greater 
than 50,000? 
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21. Cost of Living Index. The following table lists the cost of living index for several cities. The national average of this 
index is 100. An index greater than 100 indicates that the cost of living is higher than average, and an index less than 
100 indicates that the cost of living is lower than average. Make a horizontal bar graph to illustrate the data. 


CITY LIVING INDEX 
Chicago 116.9 
Denver 99.4 
New York City 185.8 
Juneau 136.5 
Indianapolis 87.2 
San Diego 132.3 
Salt Lake City 100.6 


DATA: U.S. Census Bureau 


Use the data and the bar graph you created in Exercise 21 to do Exercises 22-25. 


22. Which city has the highest cost of living index? 23. In which cities is the cost of living index less than 100? 
24. In which cities is the cost of living approximately the 25. How much higher is the cost of living index in 
national average? New York City than in Chicago? 


26. Commuting Time. The following table lists the average commuting time to work in six U.S. cities. Make a vertical bar 


graph to illustrate the data. 


CITY (in minutes) 
New York City 39.7 
Chicago 33.7 
Los Angeles 29.9 
Phoenix 24.7 
Indianapolis 22.6 < 
Oklahoma City 20.7 
DATA: University of Michigan Transportation Research 
Institute 


Use the data and the bar graph you created in Exercise 26 to do Exercises 27-30. 


27. Which city has the longest commuting time? 28. Which city has the shortest commuting time? 

29. The average commuting time to work in the 30. How much time does a worker in New York City 
United States is 26 minutes. What cities in this list spend, on average, commuting to work in one 5-day 
have a longer than average commuting time? work week? 


Data: U.S. Census Bureau 
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31. 


33. 


Facebook Stock. The line graph below shows the price per share of Facebook stock when it was first offered in 


May 2012 and at the beginning of each month for the remainder of that year. Use the graph for Exercises 31-34. 


Stock Performance of Facebook 


$50 
40 
30 


20 


Price per share 


10) e 


May Ju 
DATA: finance.yahoo.com 


Estimate the opening price per share of Facebook 
stock in May 2012. 


Between which months did the price of Facebook 
stock increase? 


ne July Aug. Sept. Oct. Nov. 
Month 


32. How much higher was the opening price of 
Facebook stock than its price at the beginning of 
September? 


34. Between which months was the decrease in the price of 
Facebook stock the greatest? 


Monthly Loan Payment. Suppose you borrow $110,000 at an interest rate of 55% to buy a condominium. The following 
graph shows the monthly payment required to pay off the loan, depending on the length of the loan. Use the graph 
for Exercises 35-42. 


35. 


37. 


39. 


41. 


$110,000 Loan Repayment 


$2500 p 


1500 


1000 


Monthly mortgage payment 


Time of loan (in years) 


Estimate the monthly payment for a loan of 15 years. 


What time period corresponds to a monthly payment 
of about $760? 


By how much does the monthly payment decrease when 
the loan period is increased from 10 years to 20 years? 


For a 10-year loan, there are 120 monthly payments. 
In all, how much will you pay back for a 10-year loan? 
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36. Estimate the monthly payment for a loan of 25 years. 


38. What time period corresponds to a monthly payment 
of about $625? 


40. By how much does the monthly payment decrease when 
the loan period is increased from 5 years to 20 years? 


42. For a 20-year loan, there are 240 monthly payments. 
In all, how much will you pay back for a 20-year loan? 
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43. Longevity Beyond Age 65. ‘The data in the table below indicate how many years beyond age 65 a male who is 65 in 
the given year could expect to live. Draw a line graph using the horizontal axis to scale “Year.” 


AVERAGE NUMBER OF 
YEARS MEN ARE ESTIMATED 
TO LIVE BEYOND AGE 65 

1980 14 

1990 15 

2000 15.9 
2010 16.4 
2020 16.9 
2030 17.5 


L 


DATA: 2000 Social Security Report 


44. What was the percent increase in longevity (years 
beyond 65) between 1980 and 2000? 


46. What is the expected percent increase in longevity 
between 2020 and 2030? 


SILL MATTIE G TANI CS = cc casscsszsecses5scsiesi9s<nisodearuiaet vdeiowed beta sacietensdicoonasie Sn sessboresinbuds Sindsdedsbbbentibwsbnsntidenteeh Maadexiecieccstes 


Solve. 


48. 32 +n = 115 [1.7b] 


51. 5-x = 113 [44b] 


54. 51.2 is 64% of what? 
[6.3a, b], [6.4a, b] 


Calculate. 
57, 3 x [11 + (18 — 10) + 2-5] [1.9d] 


on 
\o 
= 
o| 
NIlR 
wilh 
oS 
Bile 
lon 
Sed 
— 
we 
~ 
adh 
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52. £+ 4.752 = 111 [4.2c] 


1 
55. What is 45% of 20? 
[6.3a, b], [6.4a, b] 


45. What is the expected percent increase in longevity 
between 1980 and 2030? 


47. What is the expected percent increase in longevity 
between 2000 and 2030? 


8 5 11 
3. 75> : [5.3b] 


56. 120 is what percent of 80? 
[6.3a, b], [6.4a, b] 


58. 2.56 + (4 — 3.84) + 63x02 [4.4c] 


60. 6.25 X 7 [4.5c] 


Copyright © 2019 Pearson Education, Inc. 


Descriptive Statistics 


A statistic is a number describing a set of data. Statistics can describe char- 
acteristics such as the spread and center of a set of data. 


a MINIMUM, MAXIMUM, AND RANGE 


The minimum of a set of numbers is the smallest number in the set, and the 
maximum of a set of numbers is the largest number in the set. When a set of 
numbers is arranged in order from smallest to largest, the minimum is the first 
number listed and the maximum is the last number listed. 
EXAMPLE 1 Find the minimum and the maximum of these data. 
2, 15, 4 7, 6, 14, 15 
We first rearrange the numbers in order from smallest to largest. 


2, 4, 6, 7, 14, 15, 15 


t 


Minimum Maximum 
The minimum is 2 and the maximum is 15. 
Do Exercise 1. > 


The range of a set of data is one measure of spread. It is defined as the 
difference between the maximum and the minimum of the set. 


RANGE 


To find the range of a set of numbers, subtract the smallest number in 
the set from the largest number in the set. 


Range = Maximum — Minimum 


EXAMPLE 2 The following table shows the selling price of houses in two 
counties. Find the range in selling price for each county. 


$125,380 $235,600 
$263,150 $110,800 
$105,410 $798,400 
$143,900 $267,800 
$153,100 

a ___________e_é__i_____ __ __ee_e_-+ 


We rearrange each set of numbers in order from smallest to largest, 
determine the minimum and the maximum, and then find the range. 


Pine County: 
105,410, 125,380, 143,900, 263,150 


Minimum: 105,410 
Maximum: 263,150 
Range: 263,150 — 105,410 = 157,740 Range = Maximum — Minimum 


7.3 


OBJECTIVES 


fa) Find the minimum, the 


maximum, and the range of a 


set of numbers. 


b Find the mean of a set of 
numbers and solve applied 
problems involving means. 


ie) Find the median of a set of 
numbers and solve applied 
problems involving medians. 


d Find the mode of a set of 
numbers and solve applied 
problems involving modes. 


e Find the quartiles of a set of 
numbers and write the five- 
number summary of a set of 
numbers. 


1. Find the minimum and the 
maximum of these data. 


25, 18, 13, 7, 6 


Answer 
1. Minimum: 6; Maximum: 25 
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2. Find the range of these data. 
95%, 74%, 100%, 72%, 86%, 81% 


Find the mean. 
3. 14,175, 36 


4. 75, 36.8, 95.7, 12.1 


5. In the first five games of the 
season, a basketball player 
scored 26, 21, 13, 14, and 
23 points. Find the average 
number of points scored per 
game. 


6. Home-Run Batting Average. 
Babe Ruth hit 714 home runs 
in 22 seasons in the major 
leagues. What was his average 
number of home runs per 
season? Round to the nearest 
tenth. 

Data: Major League Baseball 


Answers 


2. 28% 3.75 4. 54.9 5. 19.4 points 
per game 6. 32.5 home runs per season 


Prairie County: 
110,800, 153,100, 235,600, 267,800, 798,400 


Minimum: 110,800 
Maximum: 798,400 
Range: 798,400 — 110,800 = 687,600 Range = Maximum — Minimum 


The range of selling price for Pine County is $157,740, and the range of selling 
price for Prairie County is $687,600. Note that the range describes the spread 
of the data. 


< Do Exercise 2. 


5) MEANS 


Simplify expressions using the rules for order of operations. |1.9c], [4.4c] 
1. Find the average of 282, 137, 5280, and 193. 
2. Find the average of $23.40, $89.15, and $148.17 to the nearest cent. 


Answers: 1. 1473 2. $86.91 
MyLab Math 
VIDEO 


One type of statistic is a center point, or measure of central tendency, that 
characterizes the data. The most common kind of center point is the arithme- 


tic (pronounced ar {th-mét’-ik) mean, or simply the mean. This center point 
is often referred to as the average. 


To find the mean of a set of numbers, add the numbers and then 
divide by the number of items of data. 


EXAMPLE 3 On a 4-day trip, a car was driven the following numbers of 
miles: 240, 302, 280, 320. What was the mean number of miles per day? 


240 + 302 + 280+ 320 1142 
4 4” 


The car was driven a mean of 285.5 mi per day. Had the car been driven 
exactly 285.5 mi each day, the same total distance (1142 mi) would have been 
traveled. e 


285.5 


EXAMPLE 4 Gas Mileage. The 2017 Volkswagen Jetta with a 1.4 L 
engine is estimated to travel 520 miles on the highway on 13 gal of diesel fuel. 
What is the expected mean number of miles per gallon (mpg) —that is, what 
is the fuel mileage for highway driving? 

Data: vw.com 


We divide the total number of miles, 520, by the total number of 
gallons, 13: 


The Jetta’s expected mean is 40 mi per gallon for highway driving. 


< Do Exercises 3-6. 
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In a weighted average, more importance, or weight, is assigned to some 
values than to others. For example, a course syllabus may include the fol- 
lowing description: 


COURSE COMPONENT WEIGHT FOR GRADE 


Quizzes 20 
Homework 30 
Tests 50 


If Allison has scored 70% on quizzes, 100% on homework, and 92% on tests, 
she cannot calculate her course grade by averaging 70, 100, and 92, because 
each category is weighted differently. Instead, she must multiply each per- 
centage by its weight, add the results, and divide by the total of the weights: 


70-20 + 100-30 + 92-50 
20 + 30 + 50 
9000 
= 00 ~ 90. 


Allison’s course grade is 90%. 
A grade point average is another example of a weighted average. 


Course grade = 


EXAMPLE 5 Grade Point Average. In many schools, students are 
assigned grade point values for grades obtained. The grade point average, or 
GPA, is the average of the grade point values for each credit hour taken. At 
Meg’s college, grade point values are assigned as follows: 


A: 4.0 B: 3.0 C: 2.0 D: 1.0 F: 0.0. 


Meg earned the following grades for one semester. What was her grade point 


average? 
NUMBER OF CREDIT 
COURSE HOURS IN COURSE 


Colonial History B 
Basic Mathematics A 
English Literature A 
French Cc 
Time Management D 


To find the GPA, we first multiply the grade point value for each grade 
by the number of credit hours in the course to determine the number of 
quality points, and then add. Here each grade is weighted by the number of 
credit hours in the course. 

Colonial History 3.0°3= 9 

Basic Mathematics 4.0°4 = 16 

English Literature 4.0°3 = 12 

French 2.0°4= 8 


Time Management 1.0-1= 1 
46 (Total quality points) 
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7. Soha’s sociology professor 
included the following in the 
course syllabus: 


COURSE WEIGHT 
COMPONENT FOR GRADE 


Participation 15 
Book reports 25 
Research paper 40 


Soha received 88% on her 
research paper and 92% on her 
book reports, and she antici- 
pates a score of 100% for par- 
ticipation. What is her course 
grade? 


Course grade 
_ MMos sr G2e + 88: 


15 + 25 + 40 
7320 _ 


Soha’s course grade is %. 


8. Grade Point Average. Alex 
earned the following grades 
one semester. 


NUMBER OF CREDIT 
HOURS IN COURSE 


raaQaw 
NA RW 


What was Alex’s grade point 
average? Assume that the 
grade point values are 4.0 for 
an A, 3.0 for a B, and so on. 
Round to the nearest tenth. 


9. Grading. To get an A in math, 
Rosa must score an average of 
90 on four tests. On the first 
three tests, her scores were 80, 
100, and 86. What is the lowest 
score that Rosa can get on the 
last test and still get an A? 


Answers 
7. 91.5% 82.5 9 94 


Guided Solution: 
7. 25, 40, 80, 91.5; 91.5 
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The total number of credit hours taken is 3 +4+3+4+1, or 15. We 
divide the number of quality points, 46, by the number of credit hours, 15, and 
round to the nearest tenth: 
46 
GPA === 
15 


Meg’s grade point average was 3.1. 


3.1: 


< Do Exercises 7 and 8. 


EXAMPLE 6 Grading. To get aB in math, Geraldo must score an aver- 
age of 80 on five tests. On the first four tests, his scores were 79, 88, 64, and 
78. What is the lowest score that Geraldo can get on the last test and still 
getaB? 

We can find the total of the five scores needed as follows: 


80 + 80 + 80 + 80 + 80 = 5-80, or 400. 
The total of the scores on the first four tests is 

79 + 88 + 64 + 78 = 309. 
Thus, Geraldo needs to get at least 

400 — 309, or 91, 
in order to get a B. We can check this as follows: 


79 + 88+ 64+ 78+ 91 — 400 


5 5° or 80. 


< Do Exercise 9. 


(©) MEDIANS 


Another type of center-point statistic is the median. Medians are useful when 
we wish to de-emphasize unusually extreme numbers. For example, suppose 
a small class scored as follows on an exam. 


Jae: 78 
Jill: 81 
Matt: 82 
Pat: 56 


Carmen: 84 
Let’s first list the scores in order from smallest to largest: 


56, 78, 81, 82, 84. 


Middle score 


The middle score —in this case, 81 —is called the median. Note that because 
of the extremely low score of 56, the average of the scores is 76.2. In this 
example, the median may be a more appropriate center-point statistic. 


Data, Graphs, and Statistics 


EXAMPLE 7 What is the median of this set of numbers? 
99, 870, 91, 98, 106, 90, 98 


We first rearrange the numbers in order from smallest to largest. Then we 
locate the middle number, 98. 


90, 91, 98, 98, 99, 106, 870 


Middle number 
The median is 98. 
Do Exercises 10-12. > 


Once a set of data is listed in order, from smallest to largest, the 
median is the middle number if there is an odd number of data items. 
If there is an even number of items, the median is the number that is 
the average of the two middle numbers. 


EXAMPLE 8 What is the median of this set of numbers? 
69, 80, 61, 63, 62, 65 


We first rearrange the numbers in order from smallest to largest. There is 
an even number of numbers. We look for the middle two, which are 63 and 65. 
The median is halfway between 63 and 65, the number 64. 


61, 62, 63, 65, 69, 80 The average of the middle numbers is 


63 + 65 128 
) — “e* or 64. 
The median is 64. | 


EXAMPLE 9 Salaries. The following are the salaries of the four highest- 
paid players in the National Hockey League. What is the median of the 
salaries? 


PLAYER SALARY 


Patrick Kane $13,800,000 
Jonathan Toews $13,800,000 
Anze Kopitar $13,000,000 
Jamie Benn $13,000,000 


DATA: spotrac.com 


We rearrange the numbers in order from smallest to largest: 
$13,000,000, $13,000,000, $13,800,000, $13,800,000 


The two middle numbers are $13,000,000 and $13,800,000. Their average is 
$13,400,000. Thus, the median salary is $13,400,000. 


Do Exercises 13 and 14. > 


Find the median. 
10. 17, 13, 18, 14, 19 


11. 20, 14, 13, 19, 16, 18, 17 


12. 78, 81, 83, 91, 103, 102, 122, 
119, 88 


Find the median. 


13. Salaries of Part-Time 
Typists. $3300, $4000, $3900, 
$3600, $3800, $3400 


ED 14. 68, 34, 67, 69, 34, 70 
Rearrange the numbers in 
order from smallest to largest: 


Sis oat: , 68, , 70. 
The middle numbers are 
and 68. 

The average of 67 and 68 is 


The median is 


Answers 


10.17 11.17 12. 91 
13. $3700 14. 67.5 


Guided Solution: 
14. 67, 69; 67, 67.5, 67.5 
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Find the modes of these data. 


(@ moves 


The final type of center-point statistic we will consider is the mode. 


The mode of a set of data is the number or numbers that occur most 
often. If each number occurs the same number of times, there is no 
mode. 


EXAMPLE 10 Find the mode of these data. 
17, 13, 18, 17, 14, 19 


To find the mode, it is helpful to first rearrange the numbers in order 
from smallest to largest. 


13, 14, 17, 17, 18, 19 


The number that occurs most often is 17. Thus, the mode is 17. @ 


EXAMPLE 11 Find the mode of these data. 
5, 5, 11, 11, 13, 13 


The numbers in this set of data are 5, 11, and 13. Each occurs twice, so 
all the numbers are equally represented. There is no mode. @ 


A set of data has just one average (mean) and just one median, but it can 
have more than one mode. 


EXAMPLE 12 Find the modes of these data. 
33, 34, 34, 34, 35, 36, 37, 37, 37, 38, 39, 40 


There are two numbers that occur most often, 34 and 37. Thus, the modes 
are 34 and 37. 


«@ Do Exercises 15-18. 


Which center-point statistic is best for a particular situation? If someone 
is bowling, the mean from several games is a good indicator of that person’s 
ability. If someone is applying for a job, the median salary at that business 
is often most indicative of what people are earning there, because although 
executives tend to make a high salary, there are few of them. For similar rea- 
sons, the selling price of homes is usually reported as a median price. Finally, 
if someone is reordering stock for a clothing store, the mode of the sizes sold 
is probably the most important statistic. 


15, 23, 45, 45, 45, 78 

16. 34, 34, 67, 67, 68, 70 

17, 248091308) oe 27 res 
Rearrange the numbers in 
order from smallest to largest. 
13, 24, 5 28, OM, 

Each number occurs time. 
There is no mode. 

18. In a lab, Gina determined the 
mass, in grams, of each of five 
eggs: 

15g, 19g, 19g, 14g, 18¢. 
a) What is the mean? 
b) What is the median? 
c) What is the mode? 

Answers 

15. 45 16. 34,67 17. No mode exists. 

18. (a) 17g; (b) 18g; (c) 19g 

Guided Solution: 

17. 27, 89; one 
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e QUARTILES AND FIVE-NUMBER SUMMARIES 


We can think of the median of a set of data as a number that divides the data 
in half. One half, or 50%, of the numbers in the set of data are less than the 
median, and one half, or 50% of the numbers are greater than the median. 
In a similar fashion, quartiles divide a set of data into fourths, or quarters. 


25% of data | 25% of data | 25% of data | 25% of data 


First Second Third 
quartile quartile,or median quartile 


To find the quartiles of a set of data, first list the numbers in order from 
smallest to largest. Then find the median of the data. This is also the second 
quartile and “splits” the data in half. The first quartile is then the median 
of the set of numbers that are less than the second quartile, and the third 
quartile is the median of the set of numbers that are greater than the second 
quartile. 


EXAMPLE 13 Find the quartiles of these data. 
1, 2, 5, 9, 17, 26, 35, 40, 50, 55 


The numbers are already listed in order from smallest to largest. There 
is an even number of numbers. The middle two numbers are 17 and 26. The 
median, or second quartile, is the average of 17 and 26, or 


17+ 26 43 
= = 915, 
2 2 
1, 2, 5, 9, 17, 26, 35, 40, 50, 55 
21.5 


Second quartile 


The first quartile is the median of the set of numbers that are less than 
the second quartile: 


T;. 2, By 9, 27, 


First quartile 


The third quartile is the median of the set of numbers that are greater 
than the second quartile: 


26, 35, 40, 50, 55. 


Third quartile 


Thus, the first quartile is 5, the second quartile (median) is 21.5, and the 
third quartile is 40. 


Do Exercise 19 D> 


In Example 13, the median of the set of data was not part of the data 
because there were an even number of numbers in the set. If the median is 
one of the numbers in the set of data, it is not considered when finding the 
first and third quartiles. 


19. Find the quartiles of these data. 


Answer 


3, 5,5, 7, 11, 12, 14, 15, 
15, 15, 26, 30 


19. First quartile: 6; second quartile: 13; 
third quartile: 15 
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20. Find the five-number summary 
of these data. 
3, 11, 16, 19, 7, 21, 4, 
12, 8, 6,5 


Answer 

20. Minimum: 3; first quartile: 5; 
median: 8; third quartile: 16; 
maximum: 21 


The quartiles of a set of data together with the minimum and the maxi- 
mum are often listed as a five-number summary of the data. 


FIVE-NUMBER SUMMARY 


The five-number summary of a set of data consists of the following 
statistics: 


Minimum 

First quartile 

Median (or second quartile) 
Third quartile 

Maximum 


EXAMPLE 14 Find the five-number summary of these data. 
6, 8 9, 1, 6, 4, 8 10, 9, 12, 9, 13, 13 


First, list the numbers in order from smallest to largest. We identify the 
minimum, 1, and the maximum, 13. The median is the middle number, 9. 


1, 4, 6 6, 8 8 9 9, 9, 10, 12, 13, 13 


Minimum Median, Maximum 
or second quartile 


The first quartile is the median of the set of numbers that are less than 
the second quartile: 


14,6 6 8 & ——=6 
6 


First quartile 


The third quartile is the median of the set of numbers that are greater 
than the second quartile: 
10 + 12 
= 11 


9, 9, 10, 12, 13, 13. 5 


11 


Third quartile 
The five-number summary is then 


Minimum: 1 
First quartile: 6 
Median: 9 

Third quartile: 11 
Maximum: 13. 


<@ Do Exercise 20. 
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/ Check Your Understanding 


Reading Check Complete each sentence with the appropriate word from the list on the right. Not all choices 
will be used. 


RC1. A mean is a(n) —___ mean 
RC2. To find the ________ of a set of numbers, add the numbers median 
and then divide by the number of items of data. mode 
RC3. To find the weighted average of a set of numbers, multiply statistic 
each number by its ________, add the results, Bee 
and divide by the total of the weights. g 
RC4. The __________ of a set of numbers is the number or numbers 
that occur most often. 


Concept Check For the given set of data, choose from the list on the right the appropriate number for each statistic. 
Choices may be used more than once or not at all. 


78, 85, 74, 92, 68, 88, 100, 76, 85 


CCl. Minimum a) 32 
CC2. Maximum b) 90 
CC3. Range c) 85 
CC4, Median d) 75 
CCS. First quartile e) 68 
CC6. Second quartile f) 100 


a For each set of numbers, find the minimum, the maximum, and the range. 


1. 3,7, 10, 16, 25, 38 2. 1, 6,15, 97 
3. 12, 16, 38, 112, 5 4. 8, 7,5, 9, 6, 11 
5.2, 3;.3;2,.2,.3,3 6. 8, 3, 8, 7, 3, 3,6 
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7. Smithsonian Museum Visitors. 


‘+b. &. da For each set of numbers, find the mean, the median, and any modes that exist. 


The following 

table lists the number of visitors to the 8 most popular 
Smithsonian museums in 2016. What is the mean number 
of visitors for the 8 museums? the median? the mode? 


8. 


Congestion. The following table lists the annual 
number of hours of traffic delay per auto commuter 
for 8 U.S. cities. What is the mean delay time? the 
median? the mode? 


NUMBER OF HOURS OF DELAY 
PER AUTO COMMUTER 


NUMBER OF 
MUSEUMS pre 


National Ai and Space luseum 
rs. st 


; Li 
ashington, DC 


eles, CA | 


Natio iseum ang atur: 


Nation Zod fi Ts 
RE ional Air oe pace erase 


Steven FU dvar-Hazy Center 


th & 
Dont W. ReynoleMecnter re 
American Art and poi 


National Museum of | oo m Ans in 


Smithsonian ety 


DATA: 2015 Annual Urban Mobility Report, Texas A&M Transportation Institute 


DATA: newsdesk.si.edu 


9. 17, 19, 29, 18, 14, 29 10. 72, 83, 85, 88, 92 11. 5, 37, 20, 20, 35, 5, 25 


12. 13, 32, 25, 27, 13 13. 4.3, 7.4, 1.2, 5.7, 8.3 14. 13.4, 13.4, 12.6, 42.9 


15. 234, 228, 234, 229, 234, 278 16. $29.95, $28.79, $30.62, $28.79, $29.95 


17. Gas Mileage. The 2017 Kia Optima LX does 396 mi 18. Gas Mileage. 
of highway driving on 11 gal of gasoline. What is the 
mean number of miles expected per gallon—that is, 
what is the gas mileage? 


The 2017 Chevrolet Malibu with a 
1.5 L engine does 243 mi of city driving on 9 gal of 
gasoline. What is the mean number of miles expected 
per gallon—that is, what is the gas mileage? 


Data: Kia.com Data: fueleconomy.gov 
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Grade Point Average. 


The tables in Exercises 19 and 20 show the grades of a student for one semester. In each case, 


find the grade point average. Assume that the grade point values are 4.0 for an A, 3.0 for a B, and so on. Round to the 
nearest tenth. 


19. 


21. Brussels Sprouts. 


23. 


25. 


27. 


NUMBER OF 
CREDIT HOURS 


IN COURSE 


B 

A 5 
D 3 
GC 4 


The following prices per stalk of 
Brussels sprouts were found at five farmers’ markets: 


$3.99, $4.49, $4.99, $3.99, $3.49. 


What was the mean price per stalk? the median price? 
the mode? 


Grading. To get a B in math, Rich must score an 
average of 80 on five tests. His scores on the first four 
tests were 80, 74, 81, and 75. What is the lowest score 
that Rich can get on the last test and still receive 
aB? 


Length of Pregnancy. Marta was pregnant 270 days, 
259 days, and 272 days for her first three pregnancies. 
In order for Marta’s average pregnancy to equal the 
worldwide average of 266 days, how long must her 
fourth pregnancy last? 


Data: Vardaan Hospital, Dr. Rekha Khandelwal, M.S. 


Median Home Prices. The following table lists the 
selling prices of homes in two counties during one 
month. 
a) Find the median home price for each county. 
b) Which county had the lower median home 

price? 


$122,587 $387,262 
138,291 146,989 
121,103 262,105 
768,407 253,289 
532,194 112,681 
129,683 127,092 
278,104 131,612 
110,329 


22. 


24. 


26. 


28. 


NUMBER OF 
CREDIT HOURS 
IN COURSE 


Mangoes. The most popular fruit in the world is the 
mango, which is grown in over 2000 varieties. The fol- 
lowing prices per pound of mangoes were found at five 
supermarkets: 


$2.49, $1.59, $2.29, $2.49, $2.29. 


What was the mean price per pound? the median 
price? the mode? 


Grading. To get an A in math, Cybil must score an 
average of 90 on five tests. Her scores on the first four 
tests were 90, 91, 81, and 92. What is the lowest score 
that Cybil can get on the last test and still receive 

an A? 


Male Height. Jason’s brothers are 174 cm, 180 cm, 
179 cm, and 172 cm tall. The average male is 176.5 cm 
tall. How tall is Jason if he and his brothers have an 
average height of 176.5 cm? 


Median Salaries. The following table lists salaries for 
two small companies. 

a) Find the median salary for each company. 

b) Which company has the higher median salary? 


$ 48,267 $18,242 

32,193 21,607 

189,607 98,322 

56,189 87,212 

28,394 56,812 

152,693 42,394 

42,681 50,112 

52,987 

L J 
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29. Movie Ticket Sales. The following table lists the 
numbers of movie tickets sold annually, in billions, 
from 2006 to 2016. 


a) Find the average number of tickets sold for the 
8 years from 2006 to 2013. 

b) Find the average number of tickets sold for the 
8 years from 2009 to 2016. 

c) On average, were more tickets sold per year from 
2006 to 2013 or from 2009 to 2016? 


a ] 
NUMBER OF MOVIE 
TICKETS SOLD 
(in billions) 


NUMBER OF MOVIE 
TICKETS SOLD 
(in billions 


DATA: the-numbers.com 


e Find the quartiles for each set of numbers. 


31. 4, 8, 10, 16, 12, 25, 30, 32, 14, 28 
33. 12, 2,3, 6, 7, 11, 5, 2, 10 


Find the five-number summary for each set of numbers. 
35. 88, 73, 62, 90, 94, 98, 82, 87, 77, 79, 77 


37. 3.9, 3.8, 1.1, 1.2, 2.7, 4.0, 2.8, 3.4, 3.2, 3.7 


a Mg Tt 1 2 rc cn 


Multiply. 


39. 12.86 17.5 [43a] 40. 222 x 0.5678 [43a] 


BSN INS «ce ak laches cece cet cs tage toh eects daca geet Suen eaacae Nanaimo 


43. The ordered set of data 18, 21, 24, a, 36, 37, b has 
a median of 30 and an average of 32. Find a 
and b. 


45. Price Negotiations. 


30. Movies Released. ‘The following table lists the num- 


32. 


34, 


36. 


38. 


41. 


bers of movies issued in wide release by the six major 
studios annually from 2009 to 2016. 


a) Find the average number of movies released for the 
5 years from 2009 to 2013. 

b) Find the average number of movies released for the 
5 years from 2012 to 2016. 

c) On average, were more movies released from 2009 
to 2013 or from 2012 to 2016? 


NUMBER OF NUMBER OF 
MOVIES RELEASED | YEAR | MOVIES RELEASED 


x 


DATA: the-numbers.com 


13, 1, 17, 26, 18, 15, 12, 4 


2, 3,7, 3, 7,5, 2,9, 9, 4, 6 


12, 97, 32, 16, 83, 11, 10, 62, 9, 48, 53, 13, 28 


$1.48, $2.95, $3.67, $1.22, $3.51, $4.96, $3.52, $3.99 


4 3 28 3 
ee 2.6: re 
5°28 [2.6a] ra [2.6a] 
. Hank Aaron. Wank Aaron averaged 345 home runs 


per year over a 22-year career. After 21 years, Aaron 


had averaged 35 i home runs per year. How many 


home runs did Aaron hit in his final year? 


Amy offers $6400 for a used Ford Taurus advertised at $8000. The first offer from Jim, the car’s 


owner, is to “split the difference” and sell the car for (6400 + 8000) + 2, or $7200. Amy’s second offer is to split the 
difference between Jim’s offer and her first offer. Jim’s second offer is to split the difference between Amy’s second 
offer and his first offer. If this pattern continues and Amy accepts Jim’s third (and final) offer, how much will she pay 


for the car? 
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Mid-Chapter Review 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. A set of data has just one mean and just one median, but it can have more than one mode. [7.3b, c, d] 


2. It is possible for the mean, the median, and the mode of a set of data to be the same number. [7.3b, c, d] 


3. If there is an even number of items in a set of data, the middle number is the median. [7.3c] 


Guided Solutions 


pcs) Fill in each blank with the number that creates a correct solution. 
4. The mean of 60, 45, 115, 15, and 35 is 
60 + 45 + ae IS ap 3S 


= . [7.3b] 


5. Find the median of this set of numbers: 
Pall, Wiles, tes, Gis, leks, Gish |[7/.ckel| 
We first arrange the numbers from smallest to largest: 
: >» Os > ks, 
There is an even number of items. The median is the average of 
and 
We find that average: 


ar — 
2) ) 


The median is 


Mixed Review 


Do Not Call Registry. Consumers who do not wish to receive marketing calls can list their telephone numbers in the 
National Do Not Call Registry. If a telemarketer violates the do-not-call rules, a consumer can register a complaint. The 
following table lists the number of complaints received for various years. Use the table for Exercises 6 and 7. 


NUMBER OF COMPLAINTS RECEIVED 
FISCAL YEAR (in millions) nN 


2004 0.6 
2007 1.3 
2010 1.6 
2013 3.7 
2016 5.3 
= 
DATA: Federal Trade Commission 
6. Draw a line graph, giving the horizontal scale the title 7. What was the percent increase in complaints from 2004 


“Fiscal year.” [7.2d] to 2016? [7.1a] 


Mid-Chapter Review: Chapter 7 441 


Touchdown Passes. The following pictograph shows the career-high number of touchdown passes in one season for six 
quarterbacks in the National Football League. Use the pictograph for Exercises 8-11. [7.1b] 


Touchdown Passes (Career High for Quarterback) 


») @ @ i 


(mx) 4 Caan 
FO F" 


= 10 touchd 
DATA: National Football eague (S30 Resor ps) 


8. Which quarterback threw the greatest number of 9. About how many touchdown passes did Aaron 
touchdown passes in one season? Rodgers throw in 2011? 
10. As his career high, how many more touchdown passes 11. What is the average career-high number of touchdown 
does Peyton Manning have than Tom Brady? passes in one season for the six quarterbacks? 


12. Find the minimum, the maximum, and the range of the set of numbers. [7.3a| 
De Ty GO, 12, 1S 


For each set of numbers, find the mean, the median, and any modes that exist. [7.3b, c, d] 


118}, Ste, 29), 4S), QA), IS), Yo, 2D 14. 2.12, 18.42, 9.37, 43.89 

15. ~ 7 ~ = “ 16. 160, 102, 102, 116, 160, 116 
17. $4.96, $5.24, $4.96, $10.05, $5.24 18. > = a 2 

WO, 2% 35 Wo Tots Sade 1G 20. 38.2, 38.2, 38.2, 38.2 


21. Find the five-number summary for the set of numbers. [7.3e] 
4,8, 16, 3, 4, 9, 8, 12, 16 


Understanding Through Discussion and Writing 


22. Is it possible for a driver to average 20 mph on a 30-mi 23. You are applying for an entry-level job at a large firm. 
trip and still receive a ticket for driving 75 mph? Why You can be informed of the mean, median, or mode 
or why not? = [7.3b] salary. Which of the three figures would you request? 


Why? [7.3b, c, d] 
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STUDYING FORSUCCESS Making Positive Choices 


Choose to improve your attitude and raise your goals. 
Choose to make a strong commitment to learning. 


Choose to take the primary responsibility for learning. 


OOU0 


Choose to allocate the proper amount of time to learn. 


Frequency Distributions and Histograms 


Solve percent problems. [6.3b], [6.4b] 
Translate to an equation and solve. Round to the nearest tenth of a 
percent. 


1. 15 is what percent of 40? 


MyLab Math 
VIDEO 


The frequency of an item in a set of data is the number of times that item 
appears in the set. A frequency distribution describes the frequency pat- 
terns in a set of data. In this section, we will look at frequency distributions 
described by frequency tables, stem-and-leaf plots, and histograms. 


2. What percent of 820 is 129? 
Answers: 1. 375%, or MAM 2. ISAT 


(@) FREQUENCY TABLES 


A frequency table gives the number of times a value or values within a range 
appear in a set of data. 


EXAMPLE 1 Major League Baseball. The following list gives the win- 
ners of the Major League World Series for the years 2004-2016. Summarize 
the data using a frequency table. 


Boston Red Sox, Chicago White Sox, St. Louis Cardinals, Boston 
Red Sox, Philadelphia Phillies, New York Yankees, San Francisco 
Giants, St. Louis Cardinals, San Francisco Giants, Boston Red Sox, 
San Francisco Giants, Kansas City Royals, Chicago Cubs 

Data: espn.go.com 


We list the different teams in the first column of the frequency table. 
Then we go through the data sequentially, writing a tally mark in the second 
column every time the corresponding team name appears. Finally, we write 
the number of tally marks in the third column. 


TEAM TALLY MARKS | FREQUENCY 


a’, 


Boston Red Sox M/ | oe ee 
Chicago White Sox | J | 

St. Louis Cardinals I/ 

Philadelphia Phillies | 

New York Yankees | 


San Francisco Giants | /)/ 
Kansas City Rayais / 
Chicago Cubs J 


Do Exercise 1. > 


SECTION 7.4 


7.4 


OBJECTIVES 


a Interpret and create frequency 
tables. 


& Interpret and construct 
stem-and-Leaf plots. 


@ Interpret and construct 
histograms. 


1. The following list gives the 
champion women’s gymnastic 
teams for Olympic games from 
1984 through 2016. Summarize 
the data using a frequency 
table. 


Romania, Soviet Union, 
Soviet Union, United States, 
Romania, Romania, China, 
United States, United States 


Answer 
. Tally 
Class Marks | Frequency 
Romania II] 3 
Soviet Union lI 2 
United States Ill 3 
China | 1 
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2. The following list gives the 
number of words per discussion 
post for a sociology assignment. 
Complete the frequency table. 


52, 753, 967, 134, 
228, 365, 547, 862, 


197, 678 
WORD TALLY 
COUNT | MARKS | FREQUENCY 
0-250 
251-500 
501-750 
751-1000 
Answer 
= Tally 
Word Count | Marks | Frequency 
0-250 HII 4 
251-500 | 1 
501-750 l| 2 
751-1000 Ht 3 


Sometimes we can better visualize a frequency distribution by recording 
the frequency with which values appear in classes of equal width. 


EXAMPLE 2 Test Scores. The following list gives test scores for a final 
exam in a history class. Summarize the data using a frequency table. 


83, 87, 64, 49, 98, 73, 77, 75, 82, 68, 50, 93, 88 


Listing each unique score and its frequency would not give us a good 
picture of the frequency distribution. Using a range of values for each row 
of the table makes more sense here. There are several good choices for inter- 
vals to use. Here we note that the minimum score is 49 and the maximum 
score is 98, so we decide to group scores in the 40s, 50s, 60s, and so on. Each 
of these intervals is called a class. 


TEST SCORE | TALLY MARKS 


40-49 | | 
50-59 


FREQUENCY 


< Do Exercise 2. 


If the data consist of two variables, such as a person’s eye color and hair 
color, a summary of the data may take the form of a two-way frequency table, 
or contingency table. 


EXAMPLE 3 Survey Results. A survey of students in a community col- 
lege asked whether their high school was rural, suburban, or urban and 
whether it was small (fewer than 1000 students) or large (1000 students or 
more). The results of the survey are summarized in the following two-way 
frequency table. 


[rom] sunuean nan | rs | 
SMALL 251 150 452 853 
LARGE 123 695 793 1611 


374 845 1245 2464 


ed 


a) How many students came from large suburban high schools? 

b) How many students came from suburban high schools? 

c) How many students were represented in the survey? 

d) What percent of students in the survey came from large suburban high 
schools? Round to the nearest tenth of a percent. 

e) What percent of students from suburban high schools came from large 
schools? Round to the nearest tenth of a percent. 
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a) 


b 


— 


c) 


d) 


e) 


We use the two-way frequency table to answer the questions. 


To find the number of students who came from high schools that are both 
large and suburban, we locate the row in the table labeled “Large” and 
move across that row to the column labeled “Suburban.” There were 
695 students who came from large suburban high schools. 


The number of students who came from suburban high schools is the sum 
of the number of students who came from small suburban schools and the 
number of students who came from large suburban schools. This sum can 
be found by locating the column labeled “Suburban” and moving down 
the column to the row labeled “Totals.” There were 845 students who 
came from suburban high schools. 


The number of students represented in the survey is the entry in the bot- 
tom right corner of the table. It is the sum of the entries in the table that 
are not in the “Totals” row or in the “Totals” column. It is also the sum of 
the entries to its left in the “Totals” row, and it is the sum of the entries 
above it in the “Totals” column. There were 2464 students represented in 
the survey. 


We translate to an equation. 
Number of students Number of 
: what ; 
from large suburban iS of students in 
fink echoal | percent | 
igh schools survey 
695 = Pp . 2464 
We then solve for p and write the result using percent notation. 
695 = p+ 2464 
695 - 2464 
7464 =? 464A Dividing by 2464 on both sides 
695 | 
2464. 

0.282 ~ p Rounding decimal notation to the nearest 
thousandth so that percent notation will be 
rounded to the nearest tenth of a percent 

28.2% ~ D Finding percent notation 


Approximately 28.2% of students in the survey came from large suburban 
high schools. 


The phrase “of students from suburban high schools” tells us that we are 
focusing on the column labeled “Suburban.” We translate to an equation. 


Number of students 
from large suburban 


Number of students 


hat 
a from suburban high 


i f 
high schools | gales i schools 
695 = p . 845 
SECTION 7.4 


Survey Results. A survey of 
community college students asked 
how far they traveled to class and 
what mode of transportation they 
used: public or private. The results of 
the survey are summarized in the fol- 
lowing two-way frequency table. Use 
the table for Margin Exercises 3-7. 


fo 
867 
1259 
2126 


wn 
Hy 
eS ae 
y= +] + 
° 
oa 
= 
mola 
+A! oS 
weIA 
= 


3. How many students were 
represented in the survey? 


4. How many students rode public 
transportation to class? 


5. How many students traveled 
fewer than 5 miles using private 
transportation? 


6. What percent of students 
in the survey rode public 
transportation to class? 


7. What percent of students who 
used public transportation rode 
more than 10 miles? 


Answers 

3. 2126 students 4. 867 students 

5. 98 students 6. 355 ~ 0.408, or 40.8% 
7. & ~ 0.066, or 6.6% 
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Public School Revenue. The 
following stem-and-leaf plot shows 
the percent of revenue for public 
elementary and high schools that 
came from the U.S. federal gov- 
ernment in 2012-2013. The plot 
includes data for each of 51 states 
and districts. Use the plot for 
Margin Exercises 8 and 9. 


4 14 4 
5. | SF 

6 103 7 
7/1/136899 
8 10666677 
91/0224678 
1) O. 2 99 

i |) 27 8 9 
2/113 4669 
13|0 69 

14 

S| 22 
16 | 1 


Key: 4|4 = 4.4% 
Data: The World Almanac and Book of Facts 2017 


8. Find the minimum, the maxi- 
mum, and the range of the 
percent of revenue from the 
federal government. 


9. Find the median of the percent 
of revenue from the federal 
government. 


Answers 


8. Minimum: 4.4%; maximum: 16.1%; 
range: 11.7% 9. 9.6% 


We then solve for p and write the result using percent notation. 


695 = p- 845 
oe = dene Dividing by 845 on both sides 
845 845 
695 | 
oa 
0.822 ~ p Rounding decimal notation to the nearest 
thousandth 
82.2% =~ p Finding percent notation 


Approximately 82.2% of students from suburban high schools came 
from large schools. 


< Do Exercises 3-7 on the preceding page. 


b STEM-AND-LEAF PLOTS 


Using ranges of values to present data in a frequency table provides a way 
to describe the distribution of the data, but in the process the individual 
data values are lost. A stem-and-leaf plot helps us visualize the frequency 
distribution by preserving the data values. In a stem-and-leaf plot, the leaves 
consist of the rightmost digit of each data value, and the stems consist of the 
remaining digit or digits. It is important that each leaf represent the same 
place value—for example, ones or tenths. A key included with the plot indi- 
cates the place values represented. 


EXAMPLE 4 ACT Scores. The ACT isa standardized test used to assess 
college readiness. The following stem-and-leaf plot shows the average ACT 
composite scores for each of 51 states and districts. 


17 | 7 

18|4 5 7 

19/1 159 9 9 

20;0 001222 3 33 45 66 7 8 
21;1 1479 9 

22);0 123 67 

23/0 1113 3 4 66 9 

2415 5 8 


Key: 17|7 = 17.7 
Data: The World Almanac and Book of Facts 2017 


a) Find the minimum, the maximum, and the range of the average ACT 
scores. 


b) Find the median of the average ACT scores. 
We use the stem-and-leaf plot to answer the questions. 


a) The data are arranged in order in a stem-and-leaf plot, so the minimum 
is the first number listed and the maximum is the last number listed. The 
minimum average ACT score is 177 and the maximum is 24.8. The range is 
then 24.8 — 17.7 = 7.1. 


There are 51 scores listed. Since 51 is an odd number, the median is the 
middle score, or the 26th score listed. Beginning at 177%, we count the 
leaves, in order, until we reach the 26th leaf, which is the 8 in the row 
corresponding to the stem 20. Thus, the median score is 20.8. 


b 


— 


< Do Exercises 8 and 9. 
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To construct a stem-and-leaf plot, we use the following procedure. 


u 


CONSTRUCTING A STEM-AND-LEAF PLOT 


1. Determine the place value of the leaves. 

2. Arrange the data in order from smallest to largest. 

3. Determine the minimum stem and the maximum stem. 
4 


. Draw a vertical line and list the stems to the left of the line. 
Begin with the minimum stem and list all consecutive whole 
numbers until the maximum stem is reached. 


5. To the right of the vertical line, list all leaves corresponding to 
each stem, using numerical order. Write the leaves in columns so 
that all first leaves align, all second leaves align, and so on. 


6. Add a key to the plot to indicate what value each stem and leaf 
represents. 


EXAMPLE 5 Test Scores. Construct a stem-and-leaf plot for the following 
list of test scores. 


78, 62, 47, 83, 84, 83, 98, 97, 74, 76, 68, 79, 100 
We follow the procedure described above. 
1. Since the rightmost digit of each score is in the ones place, the place value 
of the leaves is ones. 
2. We arrange the data in order from smallest to largest. 
47, 62, 68, 74, 76, 78, 79, 83, 83, 84, 97, 98, 100 
3. The minimum value is 47. The leaf is 7, so the minimum stem is 4. The 
maximum value is 100. The leaf is 0, so the maximum stem is 10. 


4. We draw a vertical line and list all consecutive whole numbers, beginning 
with 4 and ending with 10, as shown in Figure 1. 


4 4|7 4|7 
5 5 5 
6 6|2 8 6/2 8 
7 7/4 6 8 9 11a & & 9 10. Class Size. Construct a stem- 
8 8/3 3 4 8}3 3 4 and-leaf plot for the following 
9 9/7 8 917 8 list of class sizes. 
10 1010 10 | 0 15, 36, 22, 107, 9, 
= 17, 19, 45, 18, 
Key: 4 |7 = 47 27, 24 
FIGURE 1 FIGURE 2 FIGURE 3 
5. To the right of the vertical line, we list all leaves corresponding to each Answer 
stem, aligning the leaves in columns, as shown in Figure 2. 10. 019 
6. Finally, we add a key, as shown in Figure 3. We write the first stem, a verti- 1j5 7 8 9 
cal line, and the first leaf, and we indicate that this represents the value 47. 2)2 4 7 
316 
Do Exercise 10. > Al5 
5 
6 
fi 
8 
9 
1017 
Key: 0|9 = 9 
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The following histogram 
illustrates test grades for a class 

of 100 students. Use the histogram 
for Margin Exercises 11-13. 


Test Grades 


Y we P= 
o o o 


Frequency 


R 
oS 


50-59 60-69 70-79 80-89 90-99 
Test grades 


11. Which range of grades included 
the greatest number of 
students? 


12. About how many students 
received a test grade between 
90 and 99? 


13. About how many more stu- 
dents received a grade between 
90 and 99 than a grade between 
50 and 59? 


Answers 


11. 80-89 12. About 25 students 
13. About 20 students 


(©) HISTOGRAMS 


A histogram is another type of graph that we use to visualize frequency 
distributions. 


EXAMPLE 6 Fuel Economy. Listed below are the fuel economy ratings, 

in miles per gallon, for combined city and highway driving for all midsize car 

models from a recent year sold in the United States. 
23, 20, 21, 21, 28, 24, 21, 22, 20, 20, 21, 19, 28, 26, 24, 23, 24, 20, 17, 26, 
19, 17, 16, 14, 13, 29, 29, 21, 21, 22, 24, 22, 22, 20, 23, 23, 22, 16, 14, 21, 
21, 19, 22, 21, 29, 31, 30, 33, 30, 29, 27, 33, 31, 30, 28, 26, 24, 30, 28, 22, 
23, 24, 32, 29, 27, 22, 17, 19, 21, 18, 17, 23, 24, 31, 32, 27, 13, 13, 47, 29, 
28, 26, 26, 25, 28, 43, 43, 29, 28, 25, 25, 22, 30, 32, 32, 32, 31, 32, 30, 30, 
20, 19, 18, 29, 21, 22, 20, 20, 21, 19, 18, 23, 26, 28, 28, 29, 29, 30, 26, 26, 
23, 21, 31, 24, 40, 19, 18, 19, 18, 20, 26, 25, 21, 22, 45, 21, 25, 24, 31, 32, 
21, 22, 23, 20, 19, 23, 22, 23, 22, 26, 25, 31, 25, 22, 30, 34, 33, 34, 24, 27, 
20, 50, 50, 24, 28, 40, 41, 40, 25, 25, 34, 23, 35, 26, 25, 21, 23 

It is difficult to make sense of the 177 numbers in this data set, so the data are 

displayed below in a histogram. 


Gas Mileages 


Frequency 
s 


oO DP o S & 


S » & 
v ) ye 9 
Pe WS oN” oS 


Gas mileage 
(in miles per gallons) 


DATA: fueleconomy.gov 


a) In which class of gas mileages did the greatest number of midsize models 
fall? 


b) About how many midsize models had gas mileages that were less than 
16 mpg? 

c) About how many more midsize models had gas mileages between 26 mpg 
and 30 mpg than between 31 mpg and 35 mpg? 


We use the histogram to answer the questions. 
a) The tallest rectangle in the histogram is above the class 21-25, so the range 
21 mpg to 25 mpg included the greatest number of midsize models. 


b) The rectangle corresponding to 11-15 is 5 units high, so 5 midsize models 
had gas mileages that were less than 16 mpg. 

c) From the histogram, we estimate that about 44 midsize models had gas 
mileages in the 26-30 range and about 21 models had gas mileages in the 
31-35 range. Thus, about 44 — 21, or 23, more midsize models had gas 
mileages between 26 mpg and 30 mpg than between 31 mpg and 35 mpg. 


<@ Do Exercises 11-13. 
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To construct a histogram, we first create a frequency table for classes of 
the data. The histogram consists of rectangles whose width is the class width 
and whose heights correspond to the frequencies. The rectangles forming the 
histogram should touch. 


EXAMPLE 7 Major League Baseball. The following list gives the num- 
bers of games played in by the players listed on the roster of the 2016 Chicago 
Cubs team. Construct a histogram representing the frequency distribution of 
the number of games played. 


1, 2, 2, 3, 3,5, 5,7, 8,8, 11, 14, 16, 16, 17, 17, 26, 28, 29, 29, 31, 32, 
33, 34, 35, 47, 48, 51, 54, 55, 67, 68, 74, 76, 81, 86, 86, 107, 125, 142, 
142, 147, 151, 155, 155 
Data: baseball-reference.com 
The data are arranged in order from smallest to largest, so we can see that 
the minimum is 1 and the maximum is 155. We decide to use 8 classes, each of 
width 20, for the frequency table, as shown on the left below. 


Games Played per Player 
1-20 16 
21-40 9 es 
41-60 5 5 
61-80 4 o 
81-100 3 ~ 
101-120 1 
ees , oS PP O© LD LK ; S © & | 
habage 0 a ~ s Saal 14. The following list gives the 
Number of games played number of words per discussion 
post for a sociology assignment. 
For the histogram, we label the horizontal axis “Number of games Use the frequency table from 
played” and write the range of values represented by each class. We label the Margin Exercise 2 to construct 
vertical axis “Frequency.” We draw rectangles of equal width, whose sides a histogram. 
touch and whose heights correspond to the frequencies in the table, as shown 52, 753, 967, 134, 228, 
on the right above. 365, 547, 862, 197, 678 
Do Exercise 14. D> 
Answer 
14 Words per Discussion Post 


0-250 251-500 501-750 751-1000 
Word count 
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FOR 
EXTRA @ MyLab Math 
HELP 


Y Check Your Understanding 


Reading Check Determine whether each statement is true or false. 


RC1. Stem-and-leaf plots and histograms are both visual representations of frequency distributions. 
RC2. A stem-and-leaf plot preserves the data values. 

RC3. When constructing a histogram, you should leave a small space between the rectangles. 

RC4. All class intervals for a data set should have the same width. 


RCS. We can read the minimum and maximum values of a data set directly from a stem-and-leaf plot. 


Concept Check Results of a survey on phones and computers owned by students were summarized in a two-way 
frequency table. Use the highlighted row or column of the table to answer the question. Round to the nearest tenth of 


a percent. 
CC1. What percent of PC owners have an iPhone? CC2. What percent of iPhone owners have a PC? 
esi 23 | 112 137 iPHONE 9%) 2 
ANDROID Ry 20 63 ANDROID 


65 | 132 3 200 TOTALS 


a Summarize each set of data in Exercises 1-4 using a frequency table. 


1. Tennis. The four major annual tennis tournaments are called the Grand Slam tournaments. The following list gives the 
Grand Slam men’s singles champions for 2014-2017. 


Stan Wawrinka, Rafael Nadal, Novak Djokovic, Marin Cilic, Novak Djokovic, Stan Wawrinka, Novak Djokovic, 
Novak Djokovic, Novak Djokovic, Novak Djokovic, Andy Murray, Stan Wawrinka, Roger Federer, Rafael 
Nadal, Roger Federer, Rafael Nadal 


Data: espn.com 
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2. Baby Names. The following list gives the most popular names for baby girls in the United States for 2001-2016. 


Emily, Emily, Emily, Emily, Emily, Emily, Emily, Emma, Isabella, Isabella, Sophia, Sophia, Sophia, 
Emma, Emma, Emma 


Data: Social Security Administration 


3. 4,4, 7, 6, 0, 4, 2, 4, 4, 7,5, 7, 7, 4, 0, 6, 6, 6, 7, 0, 4,5, 5 4. 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 
5. College Tuition. The following list gives the annual 6. College Enrollment. The following list gives the 
tuition for the 25 most expensive colleges in the United number of students enrolled in each college that is 
States. Complete the frequency table. part of the Southeastern Conference. Complete the 
$52,666, $55,161, $52,491, $52,550, $52,945, frequency table. 
$50,982, $49,062, $52,283, $51,438, $51,024, 33,724, 27,845, 37,098, 1,641, 29,727, 23,212, 
$50,358, $52,385, $52,760, $50,855, $50,430, 36,130, 20,873, 23,212, 12,567, 50,645, 35,424, 
$52,476, $51,614, $50,547, $52,002, $51,464, 26,754, 31,524, 27,287 


$52,430, $50,394, $51,548, $49,073, $50,910 


Data: businessinsider.com 


CLASS TALLY MARKS FREQUENCY 
CLASS TALLY MARKS FREQUENCY 


Data: collegeraptor.com 


0-9,999 
$49,000-$49,999 10,000-19,999 
$50,000-$50,999 20,000-29,999 
$51,000-$51,999 30,000-39,999 
$52,000-$52,999 40,000-—49,999 
$53,000-$53,999 50,000-59,999 
$54,000-$54,999 


$55,000-$55,999 
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Results of a survey concerning beverage choices are summarized in the following two-way frequency table. Use the table for 
Exercises 7-14. Where appropriate, round to the nearest tenth of a percent. 


REGULAR DIET NO 
SOFT DRINKS SOFT DRINKS SOFT DRINKS 


COFFEE 
NO COFFEE =e : 
TOTALS 613 
7. How many people are represented in the survey? 8. How many people surveyed drink coffee? 
9. How many people surveyed drink diet soft 10. How many people surveyed drink no coffee and no soft 
drinks? drinks? 
11. What percent of all people surveyed drink coffee and 12. What percent of all people surveyed drink no coffee 
diet soft drinks? but drink regular soft drinks? 
13. What percent of people surveyed who drink coffee do 14. What percent of people surveyed who drink diet soft 
not drink soft drinks? drinks also drink coffee? 


The following two-way frequency table shows how many students in each of three sections of a study skills class passed the 
class, failed the class, or were given an incomplete for the class. Use the table to answer Exercises 15-20. 


| section | SECTION B SECTION C TOTALS 


PASSED 24 22 19 65 
FAILED 3 5 2 10 
INCOMPLETE 0 1 4 5 
TOTALS 27 28 25 80 
15. What percent of all students represented were those 16. What percent of all students represented were those 
who failed Section B? who passed Section A? 
17. What percent of students in Section C failed? 18. What percent of students who failed were in 
Section B? 
19. What percent of all students represented passed the 20. What percent of students in Section C received an 
class? incomplete? 
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Db Interpret each of the following stem-and-leaf plots. 


21. The following stem-and-leaf plot gives the percent of 22. The following stem-and-leaf plot gives the percent of 
2014 college graduates who graduated with student public school students in eighth grade who scored at or 
debt for each of 49 states. above a basic level of science knowledge in 2011, for 

4166778 each of 51 states and districts. 

5|04445556788999 2)2 

6|0001112222234555577788899 3 

7|00026 4)7 

Key: 4|6 = 4.6% Set eres 
Data: The World Almanac and Book of Facts 2017 Oot leap ene tee Teas 
: a : 7|01122223334556677899 

a) Find the minimum, the maximum, and the range of 3/002 


the percent of graduates with student debt. 
b) Find the median of the percent of graduates with Key: 2|2 = 22% 


student debt. Data: The World Almanac and Book of Facts 2017 


a) Find the minimum, the maximum, and the range of 
the percent of eighth-grade students who scored at 
or above a basic level of science knowledge. 

b) Find the median of the percent of eighth-grade 
students who scored at or above a basic level of 
science knowledge. 


Highest Mountains. The following stem-and-leaf plots give the heights of the 20 highest mountains in North America and 
in South America. Use the plots to answer Exercises 23-26. 


North America’s Highest Mountains South America’s Highest Mountains 


DATA: summitpost.org DATA: andes.org.uk 
23. Which of the two continents contains the highest 24. For which of the two continents is there a larger range 
mountain? of heights in its 20 highest mountains? 
25. Find the mean of the heights of the 20 highest 26. Find the mean of the heights of the 20 highest 
mountains in North America. mountains in South America. 
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27. Highest Bridges. 


The following list gives the distance, 
in meters, from the road surface to the water or ground 
below for the 20 highest bridges in the world. Create a 

stem-and-leaf plot to represent the data. Hint: Let each 


28. Unemployment Rates. 


In August 2017, the United 
States unemployment rate was 4.4%. The following 
list gives the unemployment rates for the 26 states 
with rates statistically different from the nation’s rate. 


leaf represent the digit in the tens place. 


Data: highestbridges.com 


29. Average Temperature. 
average annual temperature, in degrees Fahrenheit, 
for each of 50 states. Create a stem-and-leaf plot to 
represent the data. 


Create a stem-and-leaf plot to represent the data. 


7.2, 3.5, 5.1, 2.4, 6.4, 2.6, 2.9, 3.5, 3.3, 3.9, 5.4, 3.8, 
3.8, 5.3, 3.9, 2.8, 2.7, 6.3, 2.3, 5.4, 3.3, 3.3, 3.5, 3.0, 
3.8, 3.4 


Data: U.S. Department of Labor, Bureau of Labor Statistics 


570, 500, 360, 340, 370, 320, 490, 390, 320, 430, 
330, 360, 400, 330, 370, 460, 390, 320, 380, 340 


Key: 


Key: 
The following list gives the 30. Average Rainfall. The following list gives the 

average annual rainfall, in inches, for each of 50 states. 
Create a stem-and-leaf plot to represent the data. 

58, 23, 14, 51, 22, 16, 50, 46, 55, 51, 64, 19, 39, 42, 

34, 29, 49, 60, 42, 45, 48, 33, 27, 59, 42, 15, 24, 10, 

43, 47, 15, 42, 50, 18, 39, 40, 27, 43, 48, 50, 20, 54, 

29, 12, 43, 44, 38, 45, 33, 13 


Data: currentresults.com 


63, 27, 60, 60, 59, 45, 49, 55, 71, 64, 70, 44, 52, 52, 
48, 54, 57, 66, 41, 54, 48, 44, 41, 63, 55, 43, 49, 50, 
44, 53, 53, 45, 59, 40, 51, 40, 48, 49, 50, 62, 45, 58, 
65, 49, 43, 55, 48, 52, 43, 42 


Data: currentresults.com 


Key: 
Key: 


Basketball. The following histogram illustrates the number of points scored per game by the Los Angeles Lakers 
during a recent basketball season. Use the graph for Exercises 31-34. 


Los Angeles Lakers Regular Season Points per Game 


Frequency 


(oat eal 
© Ff FSF ¥ Fv YY 


Number of points scored per game 
DATA: National Basketball Association 


31. In how many games did the Lakers score 90-99 32. In what point range did the highest number of Laker 


points? 


scores lie? 


33. In what point range(s) did the lowest number of Laker 34. In how many more games did the Lakers score 100-109 


scores lie? 
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Licensed Drivers. The following histogram illustrates the percent of residents who are licensed drivers for each of 


50 states. Use the graph for Exercises 35-38. 


Licensed Drivers 


20 

16 
Bg 
3 12 jem 
3 
Ef 8 

48 

— — 


Al 5 


56-60 61-65 66-70 71 


76-80 81-85 86-90 


Percent of state residents who are licensed 


DATA: U.S. Department of Transportation, Federal Highway Administration 


35. In how many states are 61% to 75% of residents 
licensed drivers? 


37. What can you conclude about the median of the data? 


39. Construct a histogram representing the data in 
Exercise 3. 


41. College Tuition. Use the frequency table in 
Exercise 5 to construct a histogram representing the 
annual tuition data for the 25 most expensive colleges 
in the United States. 


36. In how many states are 76% to 90% of all residents 
licensed drivers? 


38. What can you conclude about the range of the data? 


40. Construct a histogram representing the data in 
Exercise 4. 


42. College Enrollment. Use the frequency table in 
Exercise 6 to construct a histogram representing 
the enrollment data for colleges in the Southeastern 
Conference. 


SECTION 7.4 Frequency Distributions and Histograms . 455 


Skill Maintenance 


Simplify. 
ia (2) - 4-23 [3.7] 44. 1000 + 100 + 2+5 [1.9¢] 
Cay itt a. ee —. 


45. 6.1 — 432 +08 [4.4c] 46. 


ele] Nis 


Synthesis 


[3.7b] 


Two-sided stem-and-leaf plots can be used to compare two sets of data. In a two-sided plot, the stems are listed in the 
middle. Leaves from one set of data extend to the right, as before, and data values are read from left to right. Leaves from 
the other set of data extend to the left, and data values are read from right to left. 

The following two-sided stem-and-leaf plot shows the percents of 15-year-olds in 39 countries who believe they are too 


fat. Use the plot to answer Exercises 49-52. 


Boys Girls 
88] 0 
988655410/1/568 
9988776655444333322221111110/2/0789 
3|34455678899 
4)11335556789 
5|0011122224 


Key: 1|5 = 15% 


49. What is the minimum percent of girls who believe they 
are too fat? 


50. What is the maximum percent of boys who believe they 
are too fat? 


51. Find the five-number summary of the data for boys. 52. Find the five-number summary of the data for girls. 


53. Create a two-sided stem-and-leaf plot for the heights of the highest mountains in North America and South America, 
given before Exercises 23-26. 


South America North America 


Key: 
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Probability 


To calculate a probability, we first need to be able to count how many ways 
a given event can occur. In many applications, a tree diagram can help us to 
count the number of possible outcomes of an experiment. 


(@) TREE DIAGRAMS 


Rolling a die is an example of what is called an experiment in probability. 
A probability experiment is a procedure that has more than one clearly 
defined outcome. We do not know before conducting an experiment what 
the outcome will be. The outcomes of rolling a standard six-sided die are 
GB, BB, and B®. Flipping a coin is also an experiment. The outcomes 
of flipping a coin are heads and tails. 

We can use tree diagrams to illustrate the outcomes of the experiments 
“rolling a die” and “flipping a coin” as shown in the following figure. 


Outcomes 


Outcomes 


& Heads (H) 
& Tails (T) 


Rolling 
a Die 


Flipping 
a Coin 


EXAMPLE 1 The popular children’s game “Rock, Paper, Scissors” can be 
thought of as an experiment. In this game, players begin with one of their 
hands forming a closed first. Each player chooses, independently of the other, 
whether to leave the hand closed (rock), open the hand flat (paper), or open 
two fingers (scissors). Draw a tree diagram to illustrate the outcomes of the 
experiment. 

A tree diagram begins on the left at one point. A branch is drawn to the 
right for each outcome. The experiment has three outcomes, as shown in the 
following figure. 


Outcomes 


Rock 


Scissors 


Do Exercise 1. > 


7.5 


OBJECTIVES 


(a) Use a tree diagram to count the 
number of possible outcomes. 


b Find the probability of an 
event. 


1. A bag contains one red marble 
and one blue marble. Draw 
a tree diagram to illustrate 
the outcomes of selecting one 
marble from the bag. 


Answer 
1. Red 


< Blue 
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2. Draw a tree diagram to illus- 
trate an experiment consisting 
of flipping a coin twice. How 
many outcomes are possible? 


3. Using the bag of marbles 
described in Example 3, draw 
a tree diagram to illustrate an 
experiment consisting of flip- 
ping a coin and then selecting 
a marble from the bag. How 
many outcomes are possible? 


Answers 
Zz H 


Set 


4 outcomes 
3. Red 
Blue 
H << Purple 
Green 
Red 
Blue 
Purple 
Green 


8 outcomes 


When two procedures are performed together, all possible outcomes for 
the second procedure are drawn at the end of each branch of the first proce- 
dure. We follow each branch to its end to find the outcome represented by 
that part of the diagram. 


EXAMPLE 2 Draw a tree diagram to illustrate two players playing “Rock, 
Paper, Scissors.” List all possible outcomes. 


We begin with the diagram drawn in Example 1. For each outcome for 
the first player, there are three possible outcomes for the second player. 


First Player Second Player Outcomes 


Rock = Rock, Rock 


Rock Paper = Rock, Paper 


Scissors = Rock, Scissors 


Rock = Paper, Rock 
Paper << Paper = Paper, Paper 
Scissors = Paper, Scissors 


Rock = Scissors, Rock 


Scissors Paper = Scissors, Paper 


Scissors = Scissors, Scissors 


There are a total of nine possible outcomes for two players playing “Rock, 
Paper, Scissors.” 


< Do Exercise 2. 


EXAMPLE 3 A bag contains four marbles: one red, one blue, one purple, 
and one green. Draw a tree diagram to illustrate an experiment consisting 
of selecting a marble from the bag and then flipping a coin. List all possible 
outcomes. 


There are four outcomes when selecting a marble, and two when flipping 
a coin. We draw a tree diagram and list outcomes at the end of each branch. 


Choosing a Flipping 
Marble a Coin Outcomes 


H = Red,H 
Red < 

ah Red, T 

H Blue, H 
Blue < 

T = Blue, T 

H => Purple, H 
Purple < 

T Purple, T 


=> 
H => Green, H 
Green < 

ay = Green, T 


There are a total of eight possible outcomes for the experiment of first select- 
ing a marble and then flipping a coin. 


Uy 


< Do Exercise 3. 
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5) PROBABILITY 


Using probability, we can attach a numerical value to the likelihood that a 
specific event will occur. 

Suppose we flip a fair coin. Because the coin is just as likely to land 
heads as it is to land tails, we say that the probability of it landing heads is . 
Similarly, if we roll a fair die (plural: dice), we are as likely to roll a HM as we 
are to roll a &, @, @, &, or B. Because of this, we say that the probability 
of rolling a Ris 2. 


EXAMPLE 4 A die is about to be rolled. Find the probability that a number 
greater than 4 will be rolled. 


Since Gi, 3, @, &, &, and B are all equally likely to be rolled, and since 
two of these possibilities involve numbers greater than 4, we have 


The probability of rolling — 2<— Number of ways to roll a5 or 6 
a number greater than4 ~ 6 <— Number of (equally likely) possible 
outcomes 


2 e 
A coin landing heads and rolling a & are examples of “events.” To find 


the probability, or likelihood, of an event occurring, we use the following 
principle. 


THE PRIMARY PRINCIPLE OF PROBABILITY 


If an event EF can occur m ways out of n equally likely possible out- 
comes, then 


The probability of E occurring = de 


i . 


X 


The probability of any event is greater than or equal to 0 and less than or 
equal to 1. 


EXAMPLE 5 A spinner such as the one shown below is used by flicking the 
arrow So that it rotates quickly. Find the probability that the arrow will come 
to rest on a green space. (Assume that the arrow will not rest on a line.) 


There are 12 sections of equal size, so there are 12 equally likely possible 
outcomes. Since 4 of the possibilities are green, we have 


Probability of __ Number of ways to land on green 
landing on green Number of ways to land on a space 
225) 
i 3 


Do Exercise 4. > 


Simplify fractions. |2.5b] 


Simplify. 
> 4 
ik = My = 
10 6 
it 2 
Answers: 1. 2 2. 3 


MyLab Math 
VIDEO 


4. Find the probability of the 
arrow in Example 5 landing on 
red or blue. 


Probability of landing on red 


or blue 
Number of ways to 
land on red or blue 
Number of ways to 
land on a space 
ip ee 
= ar 
Answer 
ae 
3 
Guided Solution 
4. 8,2 
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5. A school play is attended by 
500 people: 250 children, 100 
seniors, and 150 (nonsenior) 
adults. After everyone has been 
seated, one audience member 
is selected at random. Find 
the probability of each of the 
following. 


a) A child is selected. 
b) A senior is selected. 


c) A (nonsenior) adult is 
selected. 


6. A card is randomly selected 
from a well-shuffled deck of 
cards. Find the probability of 
each of the following. 


a) The card is a diamond. 
b) The card is a king or queen. 


Answers 


1 1 3 
5. (a) > or 0.5; (b) 3 or 0.2; (¢) io’ or 0.3 


1 2 
6. (a) 7 or 0.25; (b) B 


EXAMPLE 6 A cloth bag contains 20 equal-size marbles: 5 are red, 7 are 
blue, and 8 are yellow. A marble is randomly selected. Find the probability 
that (a) a red marble is selected; (b) a blue marble is selected; (c) a yellow 
marble is selected; (d) a black marble is selected. 


a) Since all 20 marbles are equally likely to be selected, we have 


The probability of __ Number of ways to select a red marble 
selecting ared marble | Number of ways to select any marble 
5 1 
= 20 = mt or 0.25 
b) The probability of __ Number of ways to select a blue marble 
selecting a blue marble —§ Number of ways to select any marble 
= a or 0.35 
c) The probability of __ Number of ways to select a yellow marble 
selecting a yellow marble —§ = Number of ways to select any marble 
8 2 
= 59 73 or 0.4 


d) The probability _ There are 0 ways to select a 
of selecting a black marble black marble; 4, = 6. 


<@ Do Exercise 5. 


A standard deck of 52 playing cards is made up as shown below. 


w | Spades @ wy Pee 
3 | 
|} Clubs & ad 3 (3 A 
4a@3 (2 JA 
3 Hearts 9 vVy (y . 
Dina # iad 
A deck of \\ LEY, ‘ 4 
52 cards aenke 
1%) da 4 4 + 
| Ae 4444 
King Queen Jack 10 9 8 7 6 = 5 4 3 2 Ace 


EXAMPLE 7 A card is randomly selected from a well-shuffled (mixed) 
deck of cards. Find the probability that (a) the card is a jack; (b) the card is 
a club. 


a) The probability of | Number of ways to select a jack 


selecting ajack = Number of ways to select any card 
4 1 
eee, 
b) The probability of | Number of ways to select a club 
selecting a club Number of ways to select any card 
131 
~ 52 «4 


<«@ Do Exercise 6. 
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Translating 
for Success 


. Vacation Miles. The 
Saenz family drove their 
new van 13,640.8 mi in the 


. Vacation Miles. The 
Ning family drove 2018.2 mi 
on their summer vacation. 


The goal of these matching questions 
is to practice step (2), Translate, of 
the five-step problem-solving process. 


first year. Of this total, 
2018.2 mi were driven while 
on vacation. How many 
nonvacation miles did they 
drive? 


. Rail Miles. Of the recent 


155 million passenger miles 
on a rail passenger line, 
80% were transportation- 
to-work miles. How many 
rail miles, in millions, were 
transportation to work? 


. Sales Tax Rate. The 


sales tax on the purchase 

of 10 bath towels that cost 
$129.50 is $8.42. What is the 
sales tax rate? 


. Water Level. During 
heavy rains in early spring, 
the water level in a pond 
rose 0.5 in. every 35 min. 
How much did the water 
rise in 90 min? 


. Marathon Training. At 
one point in his daily train- 
ing routine for a marathon, 
Rocco had run 155 mi. This 
was 80% of the distance he 
intended to run that day. 
How far did Rocco plan 

to run? 


Translate each word problem to an 


equation and select a correct transla- 


tion from equations A-0. 
A. 8.42-x = 129.50 


B. x = 80% - 154 


_ 84-68 


(Cs BA 


» 2018.2 + x = 13,640.8 


5 3 


"100 3875 


- 2018.2 = x- 13,640.8 


BG 100 


5 9 2805 
. 155 = 80% -x 
Heide = 19950 


05 x 


N. x = 8.42% - 129.50 


O. 0.5 x 35 = 90-x 


Answers on page A-14 


If they put a total of 
13,640.8 mi on their new 
van during that year, what 
percent were vacation 
miles? 


. Sales Tax. The sales 


tax rate is 8.42%. Salena 
purchased 10 pillows at 
$12.95 each. How much 
tax was charged on this 
purchase? 


. Charity Donations. 


Rachel donated $5 to her 
favorite charity for each 
$100 she earned. One 
month, she earned $3875. 
How much did she donate 
that month? 


. Tuxedos. Emil Tailoring 


Company purchased 73 yd 
of fabric for a new line of 
tuxedos. How many tux- 
edos can be produced if 

it takes 42 yd of fabric for 
each tuxedo? 


. Percent Increase. Ina 


calculus-based physics 
course, Mime got 68% on 
the first exam and 84% 
on the second. What was 
the percent increase in 
her score? 


FOR 
EXTRA @ MyLab Math 
HELP 


Y Check Your Understanding 


Reading Check Choose from the list on the right the number that matches each description. 


RC1. The probability of selecting a red marble from a bag a) 0 
containing 2 blue marbles b) 1 
ce) 1 


RC2. The probability of selecting a red marble from a bag 
containing 2 red marbles d) 2 


RC3. The probability of selecting a red marble from a bag 
containing 2 blue marbles and 2 red marbles 


RC4. Not a probability 


Concept Check Follow the steps in each exercise to find the probability that the event described will occur when 
a card is randomly selected from a well-shuffled deck of cards. Refer, if necessary, to the figure on p. 460 that illus- 
trates a standard deck of 52 playing cards. 
CC1. Find the probability of selecting a red 4. 

a) How many ways can we select a red 4? In other words, how many red cards are numbered 4? 

b) How many ways can we select any card? In other words, how many cards are there in all? 

c) What is the probability of selecting a red 4? 


CC2. Find the probability of selecting a 4 of hearts. 
a) How many ways can we select a 4 of hearts? 
b) How many ways can we select any card? 
c) What is the probability of selecting a 4 of hearts? 


a Use the following figures for Exercises 1-6. 


Red 


Blue =e 
5) Cc White & =! 
© Green 3. 
Coin Bag of marbles Spinner Die 
1. Draw a tree diagram and list the outcomes of selecting 2. Draw a tree diagram and list the outcomes of spinning 
one marble from the bag. the spinner. 
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3. An experiment consists of flipping the coin and 4. An experiment consists of spinning the spinner and 


then selecting one marble from the bag. Draw a tree then flipping the coin. Draw a tree diagram and list the 
diagram and list the outcomes of the experiment. outcomes of the experiment. 

5. An experiment consists of rolling the die and then spin- 6. An experiment consists of spinning the spinner and 
ning the spinner. How many outcomes are there of the then selecting one marble from the bag. How many 
experiment? outcomes are there of the experiment? 


Bl Find each of the following probabilities. 


Rolling a Die. In Exercises 7-12, assume that one die is rolled. 


7. Find the probability that a & is rolled. 8. Find the probability that a MB is rolled. 
9, Find the probability that an odd number is rolled. 10. Find the probability that a number greater than 2 is 
rolled. 
11. Find the probability that a 7 is rolled. 12. Find the probability that a Gi, 03, @, #8, &, or & is 
rolled. 


Playing Cards. In Exercises 13-18, assume that one card is randomly selected from a well-shuffled deck (see p. 460). 


13. Find the probability that the card is the jack of 14. Find the probability that the card is a picture card 
spades. (jack, queen, or king). 

15. Find the probability that an 8 or a 6 is selected. 16. Find the probability that a black 5 is selected. 

17. Find the probability that a red picture card (jack, 18. Find the probability that a 10 is selected. 


queen, or king) is selected. 
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Candy Colors. A box of candy was found to contain the 
following numbers of gumdrops. 


Strawberry 7 


Lemon 8 
Orange 9 
Cherry 4 
Lime 5 
Grape 6 


Astort 


=) (Finth fae 


In Exercises 19-22, assume that one of the gumdrops is 
randomly chosen from the box. 


19. Find the probability that a cherry gumdrop is selected. 20. Find the probability that an orange gumdrop is selected. 


21. Find the probability that the gumdrop is not lime. 22. Find the probability that the gumdrop is not lemon. 


SKA Maite mane onic cccccccccccccccccccccccccceceseeececsevsevecesvsevsevsevevsevsevssvatsevsevsevatessevesvateetssvstvatvesteveveteees 


23. Album Sales. There were 200.5 million music albums 24. Digital Downloads. There were 964.3 million songs 
sold in 2016. Of these, 104.8 million were CDs. What downloaded in 2015, and 723.7 million songs down- 
percent of albums sold were CDs? Round to the near- loaded in 2016. What was the percent decrease from 
est tenth of a percent. [6.5a] 2015 to 2016? Round to the nearest tenth of a percent. 
Data: Nielsen Music Year-End Report U.S. 2016 [6.5b] 


Data: Nielsen Music Year-End Report U.S. 2016 


PIVEN gece esas endear ceantnos Santen besnp is Wits seats le hoe ia thao sete i Naas stnaoa soacceeatadaeiancsanandst cent ae 


25. A coin is flipped twice. What is the probability that two 26. A coin is flipped twice. What is the probability that one 
heads occur? head and one tail occur? 


27. A die is rolled twice. What is the probability that a & is 28. A day is chosen randomly during a leap year. What is 
rolled twice? the probability that the day is in July? 


29. In the game “Rock, Paper, Scissors,” described in Example 1 of this section, if players make identical selections, there is 
no winner. If players make different selections, a winner is determined by the following rules. 


e Rock wins against Scissors. (Rock smashes Scissors.) 

e Paper wins against Rock. (Paper covers Rock.) 

¢ Scissors wins against Paper. (Scissors cuts Paper.) 

Use the tree diagram in Example 2 to find each probability, assuming that all selections are random. 
a) The probability that player 1 wins 


b) The probability that player 2 wins 
c) The probability that neither player wins 
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CHAPTER 


Summary and Review 


Vocabulary Reinforcement 


Choose the term from the list on the right that best completes each sentence. Not every term will be used. 


1. A(n) presents data in rows and columns. {[7.1a] statistic 
2. A(n) illustrates category percentages using different mean 
sized sectors or wedges. [7.1b] itedian 
3. A(n) uses symbols to represent amounts. [7.1b] hes 
4. The of a set of data is the number or numbers that fable 
occur most often. [7.3d] ; 
: : pictograph 
5. The of a set of data is the sum of the numbers in the : 
set divided by the number of items of data. [7.3b] histogram 
6. The of an ordered set of data is the middle number bar graph 
or the average of the middle numbers if there is an even number of circle graph 
items of data. [7.3c] line graph 


Concept Reinforcement 


Determine whether each statement is true or false. 


of items of data. [7.3b] 


1. To find the mean of a set of numbers, add the numbers and then multiply by the number 


2. If each number in a set of data occurs the same number of times, there is no mode. [7.3d] 


3. If there is an odd number of items in a set of data, the middle number in the ordered list of 


data is the median. [7.3c] 


Study Guide 


Objectives 7.3b,c,d Find the mean, the median, and the mode of a set of numbers. 


Example Find the mean, the median, and the mode of 


this set of numbers: 


2.6, 3.5, 61.8, 10.4, 3.5, 21.6, 10.4, 3.5. 


Mean: We add the numbers and divide by the number 
of data items: 
2.6 + 3.5 + 61.8 + 10.4 + 3.5 + 21.6 + 10.4 + 3.5 
8 


= 14.6625. 


Median: We first rearrange the numbers from smallest 
to largest: 


2.6, 3.5, 3.5, 3.5, 10.4, 10.4, 21.6, 61.8. 


The median is halfway between the middle two, which 
are 3.5 and 10.4. The average of these middle numbers 
is 6.95. 


Mode: The number that occurs most often is 3.5, so it is 


the mode. 


Practice Exercise 


1. Find the mean, the median, and the mode of this 
set of numbers: 


8, 13, 1, 4, 8 7, 15. 


Summary and Review: Chapter 7 
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Objective 7.1a Extract and interpret data from tables. Objective 7.2a Extract and interpret data from bar 


graphs. 
Example The table below lists comparative : Example The horizontal bar graph below shows the 
information for oatmeal sold by six companies. : building costs of selected stadiums. When comparing 


the costs, note the year in which each stadium was 


PRODUCT OR SERVING (longer-cooking) Cinitak acts Seadinins 


E 4 cS S © 5 Invesco Field 
3 < & 2 5 = @ Mile High, 2001 == 
g° Fas a 
oO 8 Stadium, 2008 
. : Arrowhead | 
Quaker Quick-1 Minute |0.19 150 3.0 4 0]: Stadium, 1972 
Market Pantry Maple & Bank of America eee 
Brown Sugar 0.17 160 2.0 3 13 240 | : Stadium, 1996 
365 Organic Maple Spice |0.42 150 1.5 3 13 200 : MetLife ieueas nt pollens eene= sinned 
Kashi Heart to Heart ; Stadium, 2010 


Golden Brown Maple 0.44 160 2.00 5 12 100 200 400 600 800 1000 1200 1400 1600 
McCann’s Irish Maple & : Cost (in millions of dollars) 
Brown Sugar 0.45 160 2.0 3 13 240 : DATA: National Football League 
Quaker Organic Maple & ; 
Brown Sugar 0.54 150 2.0 3 12 95 a) Estimate how much more Lucas Oil Stadium cost 
Nature’s Path Organic : than Invesco Field did. 
Maple Nut 0.47 200 4.0 4 12 105 | : b) Which stadium cost approximately $250 million to 
2G build? 
DATA: Consumer Reports, November 2008 We look at the graph to answer the questions. 


a) We move to the right along the bars for Lucas Oil 
Stadium and Invesco Field and move down to the 
horizontal scale to estimate the costs: about $720 
million for Lucas Oil Stadium and $360 million for 


a) Which oatmeal has the greatest number of calories 
per serving? 
b) How much sodium is in a serving of Market Pantry 


Maple & Brown Sugar? : : j : 
. Ce : Invesco Field. The difference in cost is about $720 

An examination of the table will give the answers. ; million — $360 million, or $360 million. Thus, Lucas 
a) We look down the column headed “Calories” and : Oil cost about $360 million more than Invesco Field. 

find the largest number. That number is 200. Then : b) We locate the lines representing $200 million and 

we look left across that row to find the name of the : $300 million and go up until we reach a bar that ends 

oatmeal: Nature’s Path Organic Maple Nut. ; close to $250 million. Then we go to the left and read 
b) We look down the column of products and find : the name of the stadium: Bank of America Stadium. 

Market Pantry. Then we move right across that ; 

row to the column headed “Sodium” and find the : Practice Exercises 

amount of sodium: 240 mg, : Use the bar graph in the example shown above for 


Exercises 4 and 5. 


Practice Exercises : : oe 
4. Which stadium cost less than $100 million? 


Use the table in the example shown above for : 
Exercises 2 and 3. ; 5. Estimate how much more MetLife Stadium cost 


2. Which oatmeal has the greatest cost per serving? than Bank of America Stadium did. 


What is that cost? 


3. How many grams of sugar are in the Kashi 
oatmeal? 
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Objective 7.3e Find the quartiles of a set of numbers and write the five-number summary of a set of numbers. 


Example Find the five-number summary for the set of 
numbers. 
3, 7, (2, 9, 9, 2. TL; 2) 5, 8 


We list the numbers in order from left to right and 
find the median, or second quartile. The first quartile is 
the median of the numbers that are less than the second 
quartile. The third quartile is the median of the numbers 
that are greater than the second quartile. 


2, 2, 2. 3, 5s... Fy. 8s 9, AD 


a 


First Median, Third 
quartile 6 quartile 


The five-number summary includes these three statistics 
as well as the minimum and the maximum. 


Minimum: 2 
First quartile: 2 
Median: 6 
Third quartile: 9 
Maximum: 11 


Practice Exercises 


6. Find the five-number summary for the set of 


numbers. 


10, 85, 2, 4, 32, 33, 8, 65, 58 


Objective 7.5b Find the probability of an event. 


Example A company randomly selects a month of the 
year for an annual party. What is the probability that 
they choose a month whose name begins with J? 

There are 12 months in a year, so there are 12 
equally likely possible outcomes. There are 3 months 
whose names begin with J: January, June, and July. 

We have 
Number of months whose 


The probability that names begins with J 


the name of the = 
month begins with J 


Number of months in the year 


3 _1 
124 


Review Exercises 


Find the mean. [7.3b] 
1. 26, 34, 53, 41 


2. 0.2, 1.7, 1.9, 2.4, 3.1 


3. $2, $14, $17, $17, $21, $29 


Practice Exercises 


7. A month of the year is randomly selected. What is 
the probability that the name of the month begins 


with A? 


Find the median. 


4. 7,11, 14, 17, 18 


5. 4.6, 5.2, 5.4, 9.8 


[7.3c] 


6. $2, $17, $21, $29, $14, $17 


Summary and Review: Chapter 7 
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Find the mode. [7.3d] 
7. 26, 34, 43, 26, 51 
8. 17,7, 11, 11, 14, 17, 18 
9. 20, 10, 20, 50, 20, 60 
10. Gas Mileage. A 2017 Mazda 3 does 336 mi of 


city driving on 12 gal of gasoline. What is the gas 
mileage? [7.3b] 


11. Grade Point Average. Find the grade point 
average for one semester given the following 
grades. Assume the grade point values are 4.0 
for A, 3.0 for B, and so on. Round to the nearest 
tenth. [7.3b] 


NUMBER OF CREDIT 
COURSE HOURS IN COURSE 


Math A 5 
English B 3 
Computer Science Cc 4 
Spanish B 3 
College Skills B 1 


Internet Usage and Smartphone Ownership. The 
table below lists the percents of the populations of 
several countries who use the Internet and who own a 
smartphone. Use this table for Exercises 12-14. [7.1a| 


PERCENT PERCENT 


USING OWNING 


COUNTRY INTERNET SMARTPHONE 


South Korea 


United States 89 72 
Poland 69 41 
China 65 58 
Ukraine 60 21. 
Mexico 54 35 


India 


DATA: pewglobal.org 


12. What percent of China’s population owns a 
smartphone? 


13. In what countries does less than 50% of the 
population own a smartphone? 


14. In which country do approximately twice as many 
people use the Internet as own a smartphone? 


College Costs. The circle graph below shows the vari- 
ous cost categories for a full-time resident student at an 
Oklahoma regional university and the percent of the 
total college cost represented by each category. 

Use this graph for Exercises 15-17. [7.1b] 


College Costs 


Books and 
supplies 10% 


Tuition 
34% 


Room and 
board 42% 


Mandatory 
fees 11% 


Academic service 
fees 3% 


DATA: okcollegestart.org 


15. What percent of college costs is tuition? 


16. Which category accounts for the greatest part of the 
total college costs? 


17. Ina recent year, the total college cost for a full-time 
resident student at an Oklahoma regional university 
was $11,500. How much did a student pay for room 
and board? 


Governors’ Salaries. The histogram below shows the 
numbers of state governors in the United States who 
receive annual salaries in the given ranges. Use the 
graph for Exercises 18 and 19. [7.4c] 


State Governors’ Salaries 


Number of governors 


Annual salary 
(in thousands of dollars) 


DATA: knowledgecenter.csg.org 


18. Which salary range has the smallest number of 
governors? 


19. How many governors make less than $130,000? 
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Tornadoes. ‘The bar graph below shows the total 
number of tornadoes that occurred in the United States 
from 2014 through 2016, by month. Use the graph for 
Exercises 20-23. [7.2a] 


Number of Tornadoes in 2014-2016 
800 p 


Number of tornadoes 
in 2014-2016 
& 
ic 
iS 


DATA: spc.noaa.gov 
20. Which month had the greatest number of 
tornadoes? 
21. How many tornadoes occurred in February? 


22. How many more tornadoes occurred in May than in 
June? 


23. Do more tornadoes occur in the winter or in the 


spring? 


First-Class Postage. The table below lists the cost 
of first-class postage in various years. Use the table for 
Exercises 24 and 25. 


2001 34¢ 
2002 37 
2006 39 
2007 41 
2008 42 
2009 44 
2012 45 
2013 46 
2014 49 
2016 47 
2017 49 


DATA: U.S. Postal Service 


24. Make a vertical bar graph of the data. [7.2b] 
25. Make a line graph of the data. [7.2d] 


Homelessness. The line graph below shows the 
average number of homeless children in New York 
City’s shelter system each night for various years. 
Use the graph for Exercises 26-29.  [7.2c] 


26. 


27. 


28. 


29. 


30. 


New York City’s Homeless Children 
uN 


25,000 
20,000 
15,000 
10,000 

5,000 


shelter system 


per night in New York City 


1986 1992 1998 2004 2010 2016 * 
Year 


Average number of children 


DATA: NYC Department of Homeless Services and Human Resources 
Administration; NYC Stat, shelter census reports; 
Coalition for the Homeless 


During which year after 1990 were there the fewest 
children in the shelter system? 


How many children were in the shelter system each 
night in 2001? 


In which years were there about 17,000 children 
each night in the shelter system? 


By how much did the number of children in the 
shelter system each night increase from 2007 to 
2016? 


An experiment consists of spinning the spinner 
shown below and then selecting a card at random 
from the hand shown. Draw a tree diagram 

to illustrate the experiment, and list all 
outcomes. [7.5a] 


Summary and Review: Chapter7 - 469 


The following two-way frequency table displays the 
results of a survey of instructors of three subjects 
concerning their use of online homework. Use the 
table for Exercises 31-33. [7.4a] 


ASSIGN 
ONLINE 98 87 12 197 
HOME- 
WORK 


NO ONLINE 
HOME- 42 23 18 83 
WORK 


[| marmzaamcs | usiess | stony | rorats 


140 110 30 280 


31. How many business teachers are represented in the 
table? 


32. How many history teachers assign online 
homework? 


33. What percent of mathematics teachers do not 
assign online homework? 


Vegetable Consumption. In 2015, the per capita 
consumption of fresh vegetables was greater than 2 lb 
per person for 16 vegetables. The following list gives 
the per capita consumption for those vegetables. Use 
the data for Exercises 34-36. 
20.5, 18.9, 13.5, 11.1, 11, 8.8, 8.6, 7.6, 7.5, 7.4, 
6.3, 5.4, 4.6, 3.1, 3, 2.4 


34. Find the five-number summary for the data. [7.3e] 


35. Construct a stem-and-leaf plot for the data. [7.4b] 


36. Construct a histogram for the data. Use the following 
classes: 
2.0-5.9 
6.0-9.9 
10.0-13.9 
14.0-17.9 
18.0-21.9  [7.4c] 
A deck of 52 playing cards is thoroughly shuffled and a 
card is randomly selected. [7.5b] 
37. Find the probability that the 5 of clubs is selected. 


38. Find the probability that a red card is selected. 


39. What is the mean of this set of data? 


1 4 
oa 

ve 1 7 1 

mw @3 “Sy ? 


40. Find the mode(s) of this set of data. 
6, 9, 6, 8, 8, 5, 10, 5, 9, 10 [7.3d] 


A. 8 B. 5, 6, 8, 9, 10 
Cc. 9 D. No mode exists. 
Synthesis eects 


41. The ordered set of data 298, 301, 305, a, 323, b, 
390 has a median of 316 and a mean of 326. Find a 
and b. [7.3b, c] 


Understanding Through Discussion and Writing 


1. Find a real-world situation that fits this equation: 


— 20,500 + 22,800 + 23,400 + 26,000 


T 
4 


2. Can bar graphs always, sometimes, or never be 
converted to line graphs? Why? [7.2b, d] 


3. Discuss the advantages of being able to read a 
circle graph. [7.1b] 


[7.3] 


4. Compare bar graphs and line graphs. Discuss why 
you might use one rather than the other to graph a 
particular set of data. [7.2b, d] 


5. Compare and contrast means, medians, and modes. 
Discuss why you might use one over the others to 
analyze a set of data. [7.3b, c, d] 


6. Compare circle graphs to bar graphs. [7.1b], [7.2a] 
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CHAPTER 


For 
Extra 


Desirable Body Weights. The following tables list the desirable body weights for men and women over age 25. Use the 
tables for Exercises 1-4. 


For step-by-step test solutions, access the Chapter Test Prep Videos 
in MyLab Math. 


DESIRABLE WEIGHTS OF MEN (in pounds) DESIRABLE WEIGHTS OF WOMEN (in pounds) 
5 ft 7 in. 138 152 166 5 ft 1 in. 105 113 122 
5 ft 9 in. 146 160 174 5 ft 3 in. 111 120 130 
5 ft 11 in. 154 169 184 5 ft 5 in. 118 128 139 
6 ft 1 in. 163 179 194 5 ft 7 in. 126 137 147 
6 ft 3 in. 172 188 204 5 ft 9 in. 134 144 155 


v 


DATA: U.S. Department of Agriculture 


DATA: U.S. Department of Agriculture 


1. What is the desirable weight for a 6 ft 1 in. man with a 
medium frame? 


2. What size woman has a desirable weight of 120 lb? 


3. How much more should a 5 ft 3 in. woman with 
a medium frame weigh than one with a small 
frame? 


Waste Generated. The number of pounds of waste 
generated per person per year varies greatly among 
countries around the world. Use the pictograph for 
Exercises 5-8. 


5. In which country does each person generate 1300 Ib 
of waste per year? 


6. In which countries does each person generate more 
than 1500 lb of waste per year? 


7. How many pounds of waste per person per year are 
generated in Canada? 


8. How many more pounds of waste per person per 
year are generated in the United States than in 
Mexico? 


4. How much more should a 6 ft 3 in. man with a 
large frame weigh than one with a small frame? 


Amount of Waste Generated (per person per year) 


ls il ~ 


Al hel hel 


DATA: OECD, Key Environmental Indicators 2008 = 100 pounds 


Test: Chapter? © 471 


Hurricanes. The following line graph shows the numbers of Atlantic hurricanes for the years 2000-2016. Use the graph for 
Exercises 9-14. 


Atlantic Hurricanes 


Number of hurricanes 


DATA: National Hurricane Center 


9. What year had the greatest number of Atlantic 10. In what year were there 3 Atlantic hurricanes? 
hurricanes? 
11. How many hurricanes were there in 2012? 12. How many more hurricanes were there in 2005 than 
in 2006? 
13. Find the average number of hurricanes per year for the 14. In what years were there 10 or more hurricanes? 


years 2008-2012. 


Book Circulation. The table below lists the average number of books checked out per day of the week for a branch 
library. Use this table for Exercises 15 and 16. 


NUMBER OF BOOKS 
DAY CHECKED OUT 
210 


Sunday 

Monday 160 
Tuesday 240 
Wednesday 270 
Thursday 310 
Friday 275 
Saturday 420 

15. Make a vertical bar graph of the data. 16. Make a line graph of the data. 
Ss S 
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Find the mean. 
i, 4, 49), 52, 52 ik8; il il, 3.5, 3 19. 3, 17, 17, 18, 18, 20 


Find the median and the mode. 


20. 45, 49, 52, 53 7a, il, I, 3, 5 3 Papas he MT, 7 ts, Nest, 240) 

23. Grades. To get a Cin chemistry, Ted must score an 24. Grade Point Average. Find the grade point average 
average of 70 on four tests. His scores on the first three for one semester given the following grades. Assume 
tests were 68, 71, and 65. What is the lowest score he the grade point values are 4.0 for A, 3.0 for B, and so 
can get on the last test and still get a C? on. Round to the nearest tenth. 

NUMBER OF CREDIT 

COURSE HOURS IN COURSE 
Introductory Algebra B 3 
English A 3 
Business C 4 
Spanish B 3 
Typing B 2 


Interest Rates. The following is a list of interest rates, in percent, offered by various banks for a $1000 6-month deposit. 
Use the data for Exercises 25-28. 


13}, 1.3), O98, Os, 07, OS), O.9), thes, Ah WO, 12, lak, Oset, Mish, OL, ith, 2 


25. Find the five-number summary. 26. Construct a stem-and-leaf plot. 
Key: 
27. Complete the frequency table. 28. Use the frequency table in Exercise 27 to construct a 
histogram. 
CLASS TALLY MARKS FREQUENCY 


0.7-0.9 


1.0-1.2 
1.3-1.5 


Test: Chapter 7 473 


Results of a survey of the number of hours students work each week are summarized in the following two-way frequency 
table. Use the table for Exercises 29 and 30. 


FEWER THAN MORE THAN 
10 HOURS 10-20 HOURS 20 HOURS TOTALS 


FULL-TIME STUDENTS 


PART-TIME STUDENTS : . a c 
38 | 33 | 49 | 120 
29. How many full-time students are working more than 30. What percent of full-time students are working more 
20 hours a week? than 20 hours a week? 
31. A bag contains a white cube, a black cube, and a red 32. A bag of mini chocolate bars contains 11 milk 
cube. Draw a tree diagram to illustrate an experiment chocolate bars, 8 dark chocolate bars, and 10 chocolate 
consisting of selecting a cube from the bag and then bars with peanuts. All bars are the same shape and 
flipping a coin. List the outcomes of the experiment. size. If a bar is drawn at random, find the probability 


that it is dark chocolate. 


33. A standard six-sided die is about to be rolled. Find the probability that a number greater than 4 will be 
rolled. 


1 1 1 1 
No = hy = . = —— 
2 3 . 4 us 6 
SVMENGSIS shear cara tkuee eee etd era ceabe enon ert? Cre en NE A Ue eR U AM eR E CeaINU TEEN tes RUIN Seem 
34. The ordered set of data 69, 71, 73, a, 78, 98, b has a median of 74 and a mean of 82. 
Find a and b. 
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CHAPTERS 


Cumulative Review 


1. Insects. There are 1.4 billion insects foreveryhuman : 10. Determine whether 11,30 and 4, 12 are 
being. Write standard notation for 1.4 billion. proportional. 


Data: National Geographic 


Compute and simplify. 
2, 3 
Wl, 2s ce tl 12. 41.063 + 3.5721 
5 10 
14 3 
kh, SS 14. 350 — 24.57 
is 5 
2. Gas Mileage. A 2017 Honda CR-V does 364 mi 3 3 
of city driving on 13 gal of gasoline. What is the gas » 15. 3=-4= 16. 12,456 x 220 
mileage? 7 8 
1 2 
lz. ie = ae 18. 104,676 + 24 
3. In 402,513, what does the digit 5 mean? 15 27 
Solve. 
5 © 2 3 
4, Evaluate:3 + 5°. Ce . 5 i 
5. Find all the factors of 60. ee BE a lend 
Solve. 
> 23. Tortilla chips cost $2.99 for 14.5 oz. Find the unit 
6. Round 52.045 to the nearest tenth. price in cents per ounce, rounded to the nearest tenth 
of a cent. 
: 24. A college has a student body of 6000 students. Of 
5, Commact io faction moteitor a these, 55.4% own a car. How many students own 
it : a car? 


25. A piece of fabric 1} yd long is cut into 7 equal strips. 


8. Convert from cents to dollars: 210¢. What is the length of each strip? 


26. A recipe calls for 3 cup of sugar. How much sugar 


should be used for 5 of the recipe? 


7 
9. Find percent notation for 20° 


Cumulative Review: Chapters 1-7 475 


27. Peanut Products. In any given year, the average 


28. 


Data: U.S. Energy Information Administration NUMBER OF U.S. VIDEO 
MONTHS AFTER GAME REVENUE 
JULY 2016 (in billions) 
29. Heart Disease. Of the 326 million people in the 1 $0.57 
United States, about 15.8 million have coronary 2 0.84 
artery disease and about 610,000 die of heart disease 3 0.86 
each year. What percent have coronary artery 4 1.97 
disease? What percent die of heart disease? : 
Round your answers to the nearest tenth of a 5 2.78 
percent. 6 0.61 
Data: U.S. Centers for Disease Control and Prevention; webmd.com 7 0.72 
8 1.36 
9 0.64 
OP yeb te enters 10 0.54 
30. Billionaires. The number of billionaires in the world 
increased from 1810 in 2016 to 2043 in 2017. What was Ht mae 
the percent increase? 12 0.59 


31. 


32. 


American eats 2.7 lb of peanut butter, 1.5 lb of salted 
peanuts, 1.2 lb of peanut candy, 0.7 lb of in-shell 
peanuts, and 0.1 lb of peanuts in other forms. How 
many pounds of peanuts and products containing 
peanuts does the average American eat in one 

year? 


Energy Consumption. Ina recent year, American 
utility companies generated 1240 billion kilowatt-hours 
(kWh) of electricity using coal, 804 billion using nuclear 
power, 1379 billion using natural gas, 608 billion using 
renewable sources, and 49 billion using other methods. 
How many kilowatt-hours of electricity were produced 
that year? 


Data: Forbes 


A business is owned by four people. One owns i, the 
second owns i and the third owns z. How much does 
the fourth person own? 


A factory manufacturing valves for engines was 
discovered to have made 4 defective valves in a lot 
of 18 valves. At this rate, how many defective 
valves can be expected in a lot of 5049 valves? 


33. A landscaper bought 22 evergreen trees for $1354. 
What was the cost of each tree? Round to the 
nearest cent. 


34. A salesperson earns $182 selling $2600 worth of 
electronic equipment. What is the commission 
rate? 


Video Game Industry. The following table lists the 
monthly retail revenue of the U.S. video game industry 
from August 2016 through July 2017. 


DATA: Statista.com 


35. Find the mean and the median of these 
revenues. 


36. Make a vertical bar graph of the data. 


37. Make a line graph of the data. 


SVMUMGSIS. secesortr ence ere eee a eaten eee ee eae 


38. A photography club meets four times a month. In September, the attendance figures were 28, 23, 26, and 23. In October, 
the attendance figures were 26, 20, 14, and 28. What was the percent increase or percent decrease in average attendance 
from September to October? 
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CHAPTER 


Linear Measures: American 
Units 

8.2 Linear Measures: The Metric 
System 

8.3 Converting Between 
American Units and Metric 

Units 


Mid-Chapter Revie 
8.4 Weight and Mass; Medical 
Applications 


8.5 Capacity; Medical 
Applications 


8.6 Time and Temperature 
8.7 Converting Units of Area 


Measurement 


The table below lists the 5 longest railway tunnels in the world. The Gotthard 

Base Tunnel through the Swiss Alps is the longest and deepest railway tunnel. 
Construction of the Gotthard Base Tunnel took almost two decades and cost over 
$10 billion. The tracks could not be installed until 28 million tons of rock had been 
excavated. The tunnel can carry 315 passenger and freight trains a day. 


Longest Railway Tunnels 


Tunnel (year completed) 


by Helena Bachmann; The World Almanac 2017; Alp Transit Gotthard Ltd. 


We will convert the length of the Gotthard Base Tunnel 
from kilometers to miles in Example 5 in Section 8.3. 


| 
~ 
a“ _ DATA: USA TODAY, May, 29, 2016, “World’s Longest Rail Tunnel to Open,” ! 


STUDYING FORSUCCESS Working with Others 


(_) Try being a tutor for a fellow student. You may find that you understand concepts better after 
explaining them to someone else. 


(_] Consider forming a study group. 
(-) Verbalize the math. Often simply talking about a concept with a classmate can help clarify it for you. 


Linear Measures: American Units 


8 ® 1 
Length, or distance, is one kind of measure. To find lengths, we start with 
OBJECTIVE some unit segment and assign to it a measure of 1. Suppose AB below is a 
PRAGA LaNNRE HoRNe aaa TATE unit segment. Let’s measure segment CD, using AB as our unit segment. 


fa] Convert from one American 
unit of length to another. 


Unit segment: A|/-————1B 


Use the unit below to measure the 


: A A A 
length of each segment or object. i | I I 
AH——4B —_ 
—__ Since we can place 4 unit segments end to end along CD, the measure of 
CD is 4. 
ee Sometimes we need to use parts of units, called subunits. For example, 
the measure of the segment MN below is 15. We place one unit segment and 
Lo —————— one half-unit segment end to end. 
3 nary M—_—_—_——— 
KK > 
[+> 
os a 
1 1 
4. 5 


<@ Do Exercises 1-4. 


(@) AMERICAN MEASURES 


American units of length are related as follows. 


AMERICAN UNITS OF LENGTH 
Convert between mixed 


numerals and fraction 12 inches (in.) = 1 foot (ft) 3 feet = 1 yard (yd) 
notation. [3.4a] 36 inches = 1 yard 5280 feet = 1 mile (mi) 


3 ; é 
1. Convert 6 3 to fraction notation. 


2. Convert a8 to a mixed numeral. 


5) 
ail 1 
A Rib== 24 IOS 
nswer: 8 9 5 
MyLab Math 
VIDEO 

Answers to Margin Exercises 1—4 

are on p. 479. 


(Actual size, in inches) 
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We can visualize comparisons of the units as follows: 


a - 2 $221 — 36 inches 
| | 


| _ tfoot |= 3 yard = 12 inches 
i 


| 1 inch = $ foot = 5 yard 


We can abbreviate the units inches and feet like this: 13 in. = 13” and 
27 ft = 27’. American units have also been called “English,” or “British— 
American,” because at one time they were used by both countries. Today, 
both Canada and England have officially converted to the metric system. 

To change from certain American units to others, we make substitutions. 
Such a substitution is usually helpful when we are converting from a larger 
unit to a smaller one. 


EXAMPLE 1 Complete: 73yd = in. 


1 1 1 1 1 
Tzyd = 7, x lyd We think of 7, yd as 7, X yd, or 7, X Lyd. 


1 
=7 3 X 36 in. Substituting 36 in. for 1 yd 


22 
= 37 < 36 in. 
= 264 in. 


Do Exercises 5-7. D 


Sometimes it helps to use multiplying by 1 in making conversions. For 
example, 12 in. = 1 ft, so 
TZ ine — 1ft 


ie ¢ ao 


If we divide 12 in. by 1 ft or 1 ft by 12 in., we get 1 because the lengths are 
the same. Let’s first use multiplying by 1 to convert from smaller units to 
larger units. 


EXAMPLE 2 Complete: 48in. = _____ ft. 


We want to convert from “in.” to “ft.” We multiply by 1 using a symbol 
for 1 with “in.” on the bottom and “ft” on the top to eliminate inches and to 
convert to feet: 


tii" so". aeetee “nce 
in. = i ia ultiplying by 1 using 7>—~ to eliminate in. 
48 i 
= 2" x 1 tt 
12in 
48 _ in. 
=—x--—x lft 
12 
=4~x 1ft The =~ acts like 1, so we can omit it. 
= 4 ft. 


SECTION 8.1 


Complete. 
5. 8yd = ___in. 
BD «. 22ya=__ tt 
5 2) 
2—yd = 2—xX lyd 
om 6 ee, 
= x 
6 
1 
ae 
= 8-ft 
7. 3.8mi = —_____in. 
Answers 
12 2.3 3 it 4 oe 
: 7 » 17 4.25 


5. 288 6. 85 7. 240,768 


Guided Solution: 
6. 17, 3,2 
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Complete. We can also look at this conversion as “canceling” units: 


ss 48 sd ft S48 
ae 48 in. = x = x 1 ft = 4 Et. 
8 72in. = ____ft & - 1 Dim 12 


72 in. 


II 


This method is used not only in mathematics, as here, but also in fields 
such as medicine, chemistry, and physics. 


1n. 
= x fap alent «Do Exercises 8 and 9. 


a A. EXAMPLE 3 Complete: 25ft = ____ yd. 
Since we are converting from “ft” to “yd,” we choose a symbol for 1 with 


ft “yd” on the top and “ft” on the bottom: 
lyd lyd 
3 ft 3ft 


9, 17in. 


25 ft 


I 
a 
Ep 
x 


il 


lyd a 
We use =— to eliminate ft. 
3 ft 


=—xX-—xX1lyd 
Complete. 3 y 


1 ft 
10. 24 ft = yd & = 8, x lyd The ft acts like 1, so we can omit it. 
lyd 


= a 1 3 
24 ft = 24 ft x = 85 yd, or 83 yd. 


= — x —— x 1yd Again, in this example, we can consider conversion from the point of 
! view of canceling: 
lyd_ 25 


1 ~ 
— x — = —xX — _ a . 
25 ft = 25 ft 3 fit 3 lyd 83 yd, or 8.3 yd 


11. 35ft = _____iyd @ Do Exercises 10 and 11. 


EXAMPLE 4 Complete: 23,760 ft = ______ mi. 


We choose a symbol for 1 with “mi” on the top and “ft” on the bottom: 


mi . 1 mi 
5280 ft 5280 ft = 1 mi, so 


= x - 
23,760 ft = 23,760 ft 5280 ft 


23,760 _ ft 
= x — Xx 

5280 ft 
= 45 X 1mi Dividing 
= 4.5 mi. 


1 mi 


Let’s also consider this example using canceling: 


1mi 
5280 


23,760 ft = 23,760 ft x 


23,760 
Complete. _ So 4 ant 
12. 26,400 ft = mi 5280 


= 45 X 1mi = 4.5 mi. 


<@ Do Exercises 12 and 13. 


13. 2640 ft = _____ mi 


Answers 
5 2; = 
86 9.1— 10.8 IL 11=,o0r11.6 
12 3 
12.5 13. > or 0.5 
Guided Solutions: 


8. 1 ft, 72,6 10. 3 ft, ft, 8 
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We can also use multiplying by 1 to convert from larger units to smaller 
units. Let’s redo Example 1. 


1 
EXAMPLE 5 Complete: T3yd = in. 
1 22 36in. — 22 X 36 iplyi 
J=yd = yd peta eo a = DAA 14. Complete. Use multiplying by 1. 
3 3 1lyd 3 > 
Do Exercise 14. D a 3% 7 7 


EXAMPLE 6 Illuminated Bridge. The steel towers of the George 
Washington Bridge between Fort Lee, New Jersey, and New York City are 
lit on special holidays. There are 760 light fixtures within the interiors of the 
towers. The lighting requires 7 mi of steel conduit and 31 mi of wiring. This 
bridge was first illuminated on July 4, 2000. Convert 7 mi and 31 mi to yards. 


Data: untappedcities.com, “Daily What?! The George Washington Bridge Gets Lit Up Like the Empire 
State Building (Sometimes),” by Michelle Young, 2/17/2015; “George Washington Bridge Interesting 
Facts,” by the Port Authority of New York and New Jersey 


We have 


5280 lyd 7 X 5280 
limi 3 1x3 
5280ft _ lyd 31 X 5280 

1 mi 3 LA3 


7mi = 7mi X 


x Lyd = 12,320 yd 


31mi = 31 mi X 


x Lyd = 54,560 yd 


The illuminated lights require 12,320 yd of steel conduit and 54,560 yd 15. Pedestrian Paths. There are 
of wiring. 23 mi of pedestrian paths in 
Central Park in New York City. 
Do Exercise 15. D> Convert 23 miles to yards. 
Answers 


14. 96 15. 40,480 yd 


FOR 
EXTRA @ MyLab Math 
HELP 


Vv Check Your Understanding 


Reading Check When converting from smaller units to larger units or from larger units to smaller units, it is 
convenient to multiply by a symbol for 1. Complete each symbol for 1 by choosing a number from the list on the 


right. Some choices may not be used; others may be used more than once. 


ft 1 
Ro RC2. 1 = — Roe poe 3 
in. 1mi in. 12 
ee : 24 
mi t In. 
RCE l= RCS. 1 = —_ RCo. 1 = 
. i ae lyd a 1ft 40 
1760 
5280 
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Lift= in 

4 1mi=__ yd 

7 3yd=_ in. 

10. 48ft= yd 
13.5mi=___ift 

16. 11,616ft= smi 
19. 7.1 mi = ft 
22. 48 in. = ft 
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2. Lyd = ft 

5. lmi = ft 

8 10yd=_ ft 

11. 18in.=_ ft 
14.5mi= yd 

17. 10ft=_ yd 

20. 31,680 ft = _____ mi 
23. 45in. = yd 


18. 


21. 


. Lit = 


. 29ft = 


. Lin. = 


. 84in. = 


. 63 in. = 


9.6yd = 


ft 


____yd 


ft 


___yd 


ft 


ft 
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25. 330 ft = yd 26. 5280 yd = mi 27. 3520 yd = mi 
28. 25 mi = ft 29. 100 yd = ft 30. 480 in. = ft 
31. 360 in. = ft 32. 720 in. = yd 33. Lin. = yd 
34. 25 in. = ft 35. 2 mi = 36. 63,360 in. = mi 
37. 83 yd = in. 38. 450 in. = yd 
SkaUL Matntemance ieee ecceesseesssesneessesnsesveesscsneesncsnscsnceuecsucenscenscsncauscsnsennesueeneseueesnseneeeneerseateeeess 
Convert to fraction notation. [6.2b] Solve. [4.4b] 
39. 9.25% 40. 87—% 41. 3.5-q = 0.2142 42. 1.95:w = 0.078 

os 1 2 : 4. : 
43. Divide: 5~ + 4-. [3.6b] 44, Find another name for — with 90 as the denominator. 

6 3 15 
[2.5a] 

Solve. [5.1a, b] 
45. Accessing Facebook. During a recent month, U.S. 46. Radio Stations. Inthe United States in 2016, there 


Synthesis 


47. 


users spent an average of 320 minutes accessing 
Facebook via desktop computers and an average of 
785 minutes accessing Facebook via smart phones. 
What is the ratio of minutes spent accessing Facebook 
via desktop computers to minutes spent accessing it 
via smart phones? What is the ratio of minutes spent 
accessing Facebook via smart phones to minutes spent 
accessing it via desktop computers? 


Data: www.statista.com; comScore; J. P. Morgan 


Noah’s Ark. It is believed that the biblical 

measure called a cubit was equal to about 18 in.: 
1cubit ~ 18in. The dimensions of Noah’s ark are 
given as follows: “The length of the ark shall be 

three hundred cubits, the breadth of it fifty cubits, and 
the height of it thirty cubits” (Holy Bible, King James 
Version, Gen. 6:15). What were the dimensions of 
Noah’s ark in inches? in feet? 


. Goliath’s Height. 


were 2126 commercial radio stations offering primarily 
country music programming and 1353 radio stations 
offering primarily news/talk programming. What is the 
ratio of the number of stations offering country music 
to the number of stations offering news/talk program- 
ming? What is the ratio of the number of stations 
offering news/talk programming to the number of 
stations offering country music? 


Data: The World Almanac and Book of Facts 2017 


The biblical measure called a span 
was considered to be half of a cubit (1 cubit ~ 18 in.; 
see Exercise 47). The giant Goliath’s height “was six 
cubits and a span” (Holy Bible, King James Version, 

1 Sam. 17:4). What was the height of Goliath in 
inches? in feet? 
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SECTION 8.1 Linear Measures: American Units 


OBJECTIVE 


fa) Convert from one metric 
unit of length to another. 


Linear Measures: The Metric System 


Although the metric system is used in most countries of the world, it is used 
very little in the United States. The metric system does not use inches, feet, 
pounds, and so on, but its units for time and electricity are the same as those 
used now in the United States. 

An advantage of the metric system is that it is easier to convert from one 
unit to another within this system than within the American system. That is 
because the metric system is based on the number 10. 

The basic unit of length is the meter. It is just over a yard. In fact, 
1 meter ~ 1.1 yd. 


(Comparative sizes are shown.) 


The other units of length are multiples of the length of a meter: 


10 times ameter, 100 timesameter, 1000 timesa meter, and so on, 
or fractions of a meter: 
1 1 1 
——ofameter, =-ofameter, -~ofameter, andsoon. 


10 100 1000 


You should memorize the names and abbreviations for metric 


METRIC UNITS OF LENGTH 


1 kilometer (km) = 1000 meters (m) 

1 hectometer (hm) = 100 meters (m) 
1 dekameter (dam) = 10 meters (m) 
) 

) 


units of length. Remember kilo- for 1000, hecto- for 100, deka- for 10, 
deci- for 4p, centi- for z49, and milli- for j7o9- (The units hectometer, 
dekameter, and decimeter are not used often.) We will also use 
these prefixes when considering units of area, capacity, and mass. 


Lapeter (a : Thinking Metric 
1 decimeter (dm 10 meter (m) To familiarize yourself with metric units, consider the following. 
1 . . . 1 . 
i entmiater (em) = oa melee Ga) 1 kilometer (1000 meters) rs po more than 5 mile 
1 7 . 
1 millimeter (mm) = meter (m) 1 meter is just over a yard (1.1 yd). 
1000 1 centimeter (0.01 meter) is a little more than the width of 
a paperclip (about 0.3937 inch). 
———. 
lcm 
tom CD) } 
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1 inch is 2.54 centimeters. 


|— 2.54 cm | (Actual size, in centimeters) 


7 


mel) 


| 1 inch —| (Actual size, in inches) 


1 millimeter is about the diameter of paperclip wire. 


1mm 


Using a centimeter ruler, measure 
each object. 


FOREVER 


The millimeter (mm) is often used in jewelry making. 
6mm it~ 
DIP TE TIN IPD Ae ae 
¥ a aero 


3mm _§ o£ 4 — i) _ ) 
A PPADS 0.9 a8 a8 es 


In many countries, the centimeter (cm) is used for body dimensions and 
clothing sizes. 


163 cm 
(64.2 in.) 
(5 ft 4 in.) 


3. 
| 


| 15 Volts AAA Size | 


Do Exercises 1-3. > 


Answers 


1. 2 cm, or 20 mm 
2. 2.3 cm, or 23 mm 
3. 4.4 cm, or 44mm 


SECTION 8.2 Linear Measures: The Metric System - 485 


Complete with mm, cm, m, or km. 
4. A stick of gum is 7 _—___ 


long. 

5. Dallas is 1512 _____ from 
Minneapolis. 

6. A penny is | _______ thick. 


7. The halfback ran 7. 


8. The book is 3 ________ thick. 

9. The desk is 2 ____ long. 
Multiply using decimal 
notation. [4.3a| 

Multiply. 
1. 0.5603 x 1000 
2. 18.7 x 100 
Answers: 1. 560.3 2. 1870 
Complete. 
10: 23km/=_— — m res 
23km = 23 X 1km 
= 23 X m 
= m 
11. 4hm = ____sm 
Answers 


4,.cm 5.km 6mm 7m 8. cm 
9m _ 10. 23,000 11. 400 


Guided Solution: 
10. 1000, 23,000 
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The meter (m) is used for expressing dimensions of large objects—say, the 
height of Hoover Dam, 221.4 m, or the distance around a standard athletic 
track, 400 m—and for expressing somewhat smaller dimensions like the 
length and width of a vegetable garden. 


400 m around 


The kilometer (km) is used for longer distances, mostly those that are 
expressed in miles in American units. 


1km 
1 mile is about 1.6 km. 
1mi 7 
<@ Do Exercises 4-9. yab math 
(2) CHANGING METRIC UNITS ANIMATION 


As with American units, when changing from a /arger unit to a smaller unit, 
we usually make substitutions. 


EXAMPLE 1 Complete: 4km = ____m. 


Since we are converting from a /arger unit to a smaller unit, we use 
substitution. 


4km = 4 X 1km 
= 4x 1000m Substituting 1000 m for 1 km 
= 4000 m 


< Do Exercises 10 and 11. 


Since 
1 1 1 

—_m= yf m —_ m= m —_- m = mm 

10 ae 100 pam, ond 1000 : ° 


it follows that 


1m = 10dm, 1m=100cm, and 1m = 1000 mm. 


EXAMPLE 2 Complete: 93.4m = ____cm. 


Since we are converting from a /arger unit to a smaller unit, we use 
substitution. We substitute 100 cm for 1 m: 


93.4m = 93.4 X 1m = 93.4 X 100 cm = 9340 cm. Oo 


EXAMPLE 3 Complete: 0.248m = _____ mm. 


Since we are converting from a /arger unit to a smaller unit, we use 
substitution. 


0.248 m = 0.248 X 1m 
= 0.248 x 1000 mm Substituting 1000 mm for 1 m 
= 248 mm 


Do Exercises 12 and 13. > 
We now convert from “m” to “km.” Since we are converting from a 


smaller unit to a /arger unit, we use multiplying by 1. We choose a symbol for 
1 with “km” in the numerator and “m” in the denominator. 


EXAMPLE 4 Complete: 2347m = _____ km. 
1km 1km 
_ . Sid . 
2347 m = 2347m 1000 m Multiplying by 1 using i000 za 

234 

= call x = x Lkm The = acts like 1, so we omit it. 
1000 =m m 

= 2.347 km Dividing by 1000 moves the 


decimal point three places to the left. 
Using canceling, we can do this example as follows: 


1lkm _ 2347 


= x 
2347 m = 2347 nt 1000 pt 1000 


x Lkm = 2.347 km. e 


Sometimes we multiply by 1 more than once. 


EXAMPLE 5 Complete: 8.42 mm = ____cm. 


1 100 
8.42 mm = 8.42mm X = x = Multiplying by 1 
1000 mm 1m 


BSINE 1000 mm 
100 cm 


1m 


an 


_ 842 x 100 ~ mmm 


x x —xX1cm 
1000 mm m 
842 
= To00 cm = 0.842 cm 
Do Exercises 14-17. > 
Mental Conversion 


Changing from one unit of length to another in the metric system amounts to 
the movement of a decimal point. That is because the metric system is based 
on 10. Let’s find a faster way to convert. Look at the following table. 


Fso00m | s00m | som | im | oim | oom | 001m | 


1 km | 1 hm jt dam | 1m | 1dm | lcm | 1mm 


Each place in the table has a value 5 that to the left or 10 times that to 
the right. Thus, moving one place in the table corresponds to moving one 
decimal place. 


SECTION 8.2 


Complete. 
12. 1.78m = ___ cm 
13. 9.04m = ____ mm 
Complete. 
14. 7814m = ___ km 


pcs) 15. 7814m = ______ dam 


7slam= olden x 
= ues x = x 1 dam 
m 
= dam 
16. 9.67 mm = ___ ss cm 
17. 89km = ____ scm 


Answers 


12. 178 13. 9040 14. 7.814 15. 781.4 
16. 0.967 17. 8,900,000 


Guided Solution: 
15. 10 m, 10, 781.4 
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Complete. Try to do this mentally 
using the table. 


18. 6780m = ___s km 
19. 9.74cm = ___ mm 
20. 1mm = ___ scm 

21. 845.1 mm = ___ sd dm 
Answers 


18. 6.78 19. 97.4 20. 0.1 21. 8.451 
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Let’s convert mentally. 


EXAMPLE 6 Complete: 8.42 mm =______ cm. 


Think: To go from mm to cm in the table is a move of one place to the 
left. Thus, we move the decimal point one place to the left. 


Fso00m | 100m | som | im | oim | ooim | 0001m | 


1km | 1 hm ldam | 1m 1 dm 1cm | 1mm 
a al 
1 place to the left 
8.42 va 8.42 mm = 0.842 cm G 
EXAMPLE 7 Complete: 1.886 km = cm. 


Think: To go from km to cm in the table is a move of five places to the 
right. Thus, we move the decimal point five places to the right. 


Fso00m | 100m | som | im | oim | ooim | 001m | 


1km | 1 hm | 1 dam | 1m | 1dm | demi | 1mm 


ee 


5 places to the right 


1.886 1.88600. 1.886km = 188,600 cm @ 
ce 
EXAMPLE 8 Complete: 3m = ____ cm. 


Think: To go from m to cm in the table is a move of two places to the 
right. Thus, we move the decimal point two places to the right. 


| 1000m | 100m | iom | im | o1m | o.01m | 0.001 m | 


1 km | 1 hm | 1 dam | 1m | 1dm | 1cm | 1mm 
ee! 
2 places to the right 
3 3.00. 3m = 300cm i) 
\A 


You should try to make metric conversions mentally as much as possible. 

The fact that conversions can be done so easily is an important advan- 
tage of the metric system. The most commonly used metric units of length 
are km, m, cm, and mm. We have purposely used these more often than the 
others in the exercises. 


<@ Do Exercises 18-21. 


FOR 
HELP 


v Check Your Understanding 


Reading Check Complete each sentence using > or < for [_]. 


RC1. 3dm[_]3 dam RC2. 3hm{[ ]3cm RC3. 3mm[ |3 km 


RC4. 3m[_]3 hm RCS. 3 dam | _|3 mm RC6. 3cm{ [3m 


Concept Check Fill in each blank with “left” or “right.” 


CC1. To convert 36.71 mm to centimeters (cm), move the decimal point 1 place to the 


CC2. To convert 802.7 km to millimeters (mm), move the decimal point 6 places to the 


a Complete. Do as much as possible mentally. 


1. a) lkm= sm 2,a) lhm =m 3. a) ldam= im 
b)im= km b)im= hm b)im= dam 
4. a) 1dm = m 5. a) lcm = m 6. a) lmm= _ im 
b) lm = dm b) lm = cm b) lm = mm 
767km=_ =m 8 27km= sm 9 98cm = _ em 
10. 0.789cm = em 11. 8921m = ———i&km 12. 8664m = ——ikm 
13. 56.66m= ———ikm 14. 4.733m= km 15. 5666m = scm 
16. 869m =_ cm 17. 477~cm = _ em 18. 627mm = sm 
19. 688m = cm 20. 688m = ss dm 21. 1mm= cm 
22, lcm = _ sim 23. [km = _ scm 24. 2km = scm 
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25. 14.2cm = mm 26. 25.3cm = mm 27. 8.2mm = cm 


28. 9.7mm = cm 29. 4500mm = scm 30. 8,000,000m = km 
31. 0.024mm = _ om 32. 60,0000mm = dam 33. 688m = dam 
34.744m = ———ihm 35. 23dam= ss dm 36. 9km = ———sihm 

37. 392dam = _—sdikm 38. 0.056mm = ss dm 


Complete the following table. 


2 
Object (mm) (Cai) Meters (m) 
Width of a football field 4844 
oe - ee ae pe ae dadlediehaminenanalenede tabaeonenaneaeeneedtaess Jee aenseniaresties | cepicliheuiohan aitierelehe gan: ie ie eres 
= aa one speeim beta tieicaataettSauniasecniatctatas ioe ace h achdie ttt es Weel Nass witacuacetaasdueshe seas ; iehuena ate 
re - siohas = ie : = _ ne hacabie vaca ansecceedsraenacauscbeanesnersnedaass fade . edad ene do sisathave sue asada basatweseannedasaeens 
oe 2 adel’ crane - _ . ee dubiewadsan senna maaydeatadheatsenecas fedeene : = aesees keene Selecn taeda Ge tant Ohad Sad cats 
a 2 nabs. eo : : o ce = udecannamseae epeatacteeaeie Jeeta danse aceaine ss Pogtanes ; = Bia uedtrassnsnaeeoeseeeea es 
| sioinapbaaivedinsaa cite anceui sites 
a bis — . : ne pane yee - me : — = saeuebe stat Peer ; ae : sda d seswedansdiad sveaaaedteansdieatianitenges 
Skill Maite mance ccc ce ccc cece ee ee ee tenses tesesseeesssetsreseressesisiesisissssisiesisesisetsesesseeieees 
Divide. [4.4a] Multiply. i 
47. 23.4 + 100 48. 23.4 + 1000 49. 3.14 x 4.41 [43a] 50. 4 xX 205 [3.6a] 
Convert to percent notation. [6.2a] Calculate. 
51. ; 52. ° 53. - + = [3.2a] 54, is = 2 [3.3a] 
SONNEI SN 52s sctesotidnepedaldeeydbasonssccsecibbijccinsbisves boils tpcontahig onde sdbiaast tl oausdepbceobitedhinniotts der batasodanodslagiabaldondien 
Each sentence is incorrect. Insert or alter a decimal point to make the sentence correct. 
55. When my right arm is extended, the distance from my 56. The height of the Shanghai World Financial Center is 
left shoulder to the end of my right hand is 10 m. 49.2 m. 
57. A stack of ten quarters is 180 cm high. 58. The width of an adult’s hand is 112 cm. 
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Converting Between American 


Units and Metric Units 8 ms 3 


M@) CONVERTINGUNITTS eee 


a Convert between American 
units of length and metric 
units of length. 


We can make conversions between American units and metric units by sub- 
stituting based on the rounded approximations in the following table. 


Thin etric 


1 in. 2.54 cm y WAXiMUM } - 
ft 0.305 m tay = 30 
lyd 0.914 m i = ae 


1 mi 1.609 km Multiply using decimal 
0.621 mi 1km notation. [4.3a| 
1.094 yd 1m Multiply. 


3.281 ft 1m 1. 3.89 x 1.609 
39.370 in. 1m 2. 5012 X 0.621 
Answers: 1. 6.25901 2. 3112.452 
EXAMPLE 1 Complete: 11 in. = cm. VIDEO 


(The wingspan of the world’s largest butterfly, the Queen Alexandra) 
Data: Top 10 of Everything 2013 


11lin. = 11 X Lin. 
= 11 X 2.54cm Substituting 2.54 cm for 1 in. 


= 27.94cm 
This answer would probably be rounded to the nearest one: 28 cm. B 
EXAMPLE 2 Complete: 26.2 mi = ______ km. Complete. 
(The length of the Olympic marathon) L. 100yd = ______m 
. : (The length of a football field, 
26.2 mi = 26.2 X 1 mi excluding the end zones) 
= 26.2 X 1.609 km Substituting 1.609 km for 1 mi 
_ 2.2.5mi= ____ sd km 
= Helse km ® (The length of the tri-oval 
track at Daytona International 
EXAMPLE 3 Complete: 100m = ____ ft. Speedway) 
(The length of the 100-m dash) 
100m = 100 X 1m )cs) 3, 2383km = ___ mi 
~ 100 X 3.281 ft Substituting 3.281 ft for 1m Ce distance from St. Louis 
= 328.1 ft @ ee 
2383 km = 2383 X 1km 
EXAMPLE 4 Complete: 4544km = _ smi. ~ 2383 x mi 
(The distance from New York to Los Angeles) = mi 
4544 km = 4544 x 1 km 
= 4544 x 0.621 mi Substituting 0.621 mi for 1 km 
= 2821.824 mi 
Answers 
We would probably round this answer to 2822 mi. 1.91.4 2. 4.0225 3. 1479.843 
° Guided Solution: 
Do Exercises 1-3. B 3. 0.621, 1479.843 
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4. 


The Pacific Coast Highway, 
which is part of California 
State Route 1, is 655.8 mi long. 
Find this length in kilometers, 
rounded to the nearest tenth. 


. The tallest building in the 


world is Burj Khalifa, in Dubai, 
United Arab Emirates, with 

a height of 2717 ft. Find the 
height in meters. 


. Complete: 


1.75mm = ____ in. 
(The thickness of a quarter) 


Answers 
4. 1055.2km 5. 828.685m_ 6. 0.069 
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EXAMPLE 5 Gotthard Base Tunnel. The Gotthard Base Tunnel, com- 
pleted in 2016, is the longest railway tunnel in the world. The length of this 
tunnel through the Swiss Alps is 57.104 km. Convert 57.104 km to miles. 
Data: Alp Transit Gotthard Ltd., The World Almanac 2017 


We let T = the length of the tunnel. To convert kilometers to miles, we 
substitute 0.621 mi for 1 km. 


T = 57.104km 
= 57.104 X 1 km 
~ 57.104 X 0.621 mi 
= 35.46 mi 


Substituting 0.621 mi for 1 km 


< Do Exercises 4 and 5. 


EXAMPLE 6 Complete: 0.10414mm = _____in. 
(The thickness of a $1 bill) 


In this case, we must make two substitutions or multiply by two forms of 
1, since the table on the preceding page does not provide a direct conversion 
from millimeters to inches. Here we choose to multiply by forms of 1. 


lcm 


0.10414 mm = 0.10414 X Lmam Xx 
ie 10 mart 


= 0.010414 cm 


2.54 cat 


N 


0.010414 x 1 cmt Xx 


= 0.0041 in. 


< Do Exercise 6. 


FOR 
EXTRA 
HELP 


@ MyLab Math 


/ Check Your Understanding 


Reading Check Complete each sentence using > or < for 


RC1. 1 in. 


1m 


RC4. 1 mi|_ |i km 


RC2. 1m|_j1ft 


RC3. 1 cm[_]1 in. 


RCS. 1 yd RC6. 1 km{[_]1 ft 


1m 


Concept Check Choose from the list on the right the symbol for 1 that can be used to complete each unit 


conversion. 
CC1. 15.24cm = 15.24cm: = 61n. 
CC2. 4.5m = 45m: = 177.165 in. 


CHAPTERS Measurement 


2.54 cm 
lin. 


lin. 
2.54 cm 


1m 
39.370 in. 


39.370 in. 
1m 


a) b) 
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a Complete. 


1. 


10. 


13. 


15. 


17. 


19. 


21. 


. 180 mi = 


330 ft = 2. 
(The length of most besvall 
foul lines) 


2m = ft 5. 
(The length of a desk) 


km 8. 
(The distance from Indianapolis 
to Chicago) 


60 km/h = mph 11. 
(A city speed limit in Canada) 


2.16m = in. 
(The height of Marc Gasol of the Memphis 


1776 ft = 
(The height of One World Trade Center, New York 
City) 


15.7 cm = in. 
(The length of a $1 bill) 


2216km = mi 
(The distance from Chicago to Miami) 


13mm = in. 
(The thickness of a plastic case for a DVD) 


12in. = cm 
(The length of a common ruler) 


65 mph = km/h 
(A common speed limit in the 
United States) 


141,600,000 mi = 
(The farthest distance of Mars 
from the sun) 


km 


10 yd = 
(The length needed (65 a first 
down in football) 


14. 82in. = 
Grizzlies) 


16. 342.21m = 


3. 1171.4km = mi 
(The distance from Cleveland to 
Atlanta) 

6. 100km/h = mph 
(A common speed limit in 
Canada) 

9. 70 mph = km/h 
(An interstate speed limit in 
Arizona) 

12. 450 ft = m 


(The length of a long home run 
in baseball) 


m 


(The height of Blake Griffin of the Los Angeles Clippers) 


ft 


(The height of the Millau Viaduct, the highest bridge 
in the world, on a route that connects Paris, France, 
and Barcelona, Spain) 


18. 7.5in. = cm 
(The length of a pencil) 
20. 1862 mi = km 


(The distance from Seattle to Kansas City) 


22. 0.25 in. = 


mm 


(The thickness of an eraser on a pencil) 


SECTION 8.3 


Converting Between American Units and Metric Units 


493 


Complete the following table. Answers may vary, depending on the conversion factor used. 


Width of a piece of typing paper 


Yards Centimeters Inches Meters Millimeters 
Object (yd) (Cai) (in.) (m) (mm) 
gi 
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oe i sie eae ata eh Ne ain a Od aned nas oats wie ete sldneja Metalansie oan COL oa panded aera Shas ea vale eT awaAloals Sasi e eG es . fate Nid eG 
— ee erred saisnasesaaed nese dtence bavmarie : osshe atau Altra /acoup p-a.ayo nies jo yma aa alba agora enter alanis wala caesar} vad peave-nade a dee Wlasot bial are mvainrayeymyalnsarei avons 
its Se HAMM AURaMea seihe saaiinawasanauioanetees a edrsen asaystar| te pave lceststvacs'alestoa cites staaceteags aca samratelsteia inerasaia shes acs ahora tae She wesc 
~ ico lee eae rele ella ig ate aleiniaisie staiwahouata tesa keine ateteaoaisin h auetdleataiecrateccrs Derwi’y peo itubvegaedseuiepeaenes 
oa - Baal aye sate ae eee eT er eee crs rere Kee Suede dusuy Shon by eedpeyStes sb 9 soayStave ru ila cSoesG, ss Gasca iid-> Pe agobyybuscacayavedn dro eve facteo 
“i ee Geel Galena oe WOeaGdief mmaMe/s cena haan poate ’ culbacauai mine gic suatamane patie 0500 scape sehearahaseraeavaave-ataiatave-ataraia 


France and England 


32. Height of Jin Mao Tower, Shanghai 460 


Skill Maintenance 


34. Presidential Libraries. The National Archives and 
Records Administration budgeted about $68.7 million 
for operations and maintenance of the 13 presidential 
libraries during 2013. Of this amount, approximately 
8.6% was designated for the George W. Bush 
Presidential Center in Dallas, Texas, which opened 
April 25, 2013. Find the amount spent in 2013 on 
operations and maintenance of the George W. Bush 
Presidental Center. [6.5a] 


33. Kangaroos. In 2016, it was estimated that there 
were 49.12 million kangaroos in Australia. This 
number was approximately double the population 
of Australia. Convert 49.12 million to standard 
notation. [4.3b] 


Data: Australian Government, Department of the Environment and 
Energy; reference.com; news.com.au; nydailynews.com 


Data: National Archives and Records Administration 


PPAR RS hss vntsnge agenesis teacne ene vce was evel edb eral fo sisuiK coarser aadesete sam acmoeaiaindearataaen by 

35. Develop a formula to convert from inches to 36. Develop a formula to convert from millimeters to inches. 
millimeters. How does it relate to the answer for Exercise 35? 

37. |#) The current world record for the men’s 100-m dash is 38. #) The current world record for the women’s 100-m dash 


9.58 sec, set by Usain Bolt of Jamaica in Berlin on 
August 16, 2009. How fast is this in miles per hour? Round 
to the nearest tenth of a mile per hour. 


is 10.49 sec, set by Florence Griffith-Joyner in Indianapolis, 
Indiana, on July 16, 1988. How fast is this in miles per 
hour? Round to the nearest tenth of a mile per hour. 


Data: en.wikipedia.com Data: International Association of Athletics Federations 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. Distances that are measured in miles in the American system would probably be measured in meters 
in the metric system. [8.2a], [8.3a] 


. One meter is slightly more than one yard. [8.2a], [8.3a| 


. One kilometer is longer than one mile. [8.2a], [8.3a] 


. When converting from meters to centimeters, move the decimal point to the right. [8.2a] 


nan & Ww WN 


. One foot is approximately 30 centimeters. [8.2a], [8.3a] 


Guided Solutions 


)cs) Fill in each blank with the unit that creates a correct solution. 


6. Complete: 16d = ft. [8.1a] 
2 2 50 
16—yd = 16- X 1 = —xX3 = 50 
6 3 yd 6 3 3 
7. Complete: 13,200 ft = mi. [8.1a] 
1 
= <= 2), 
13,200 ft = 13,200 ft 5980 5 
8. Complete: 520mm = km. [8.2a] 
1 1 
= 52 6 ee — (Dy eee = D; 
520 mm = 520mm 1000 0.5 1000 0.0005 
9. Complete: 10,200 mm = ft. [83a] 
1 3.281 
10,2 = 10,2 Xe = 1102 rn $e Oo 008 
0,200 mm 0,200 mm 1000 0 1 
Mixed Review 
Complete. [8.1a], [8.2a], [8.3a] 
10. 5 mi = yd 11. 840in. = ft 12. 24.05 cm = dm 
13. 0.15 m = km 14. 630 yd = in. 15. 100 ft = in. 
16. 6000 dam = m 17. 85,000 mm = dm 18. 26,400 ft = mi 
19. 3753 ft = yd 20. 10 mi = ft 21. 1800m = cm 
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22. 84km = dm 23. 0.007 km = cm 
25. 80.09cm = m 26. 360 in. = yd 

28. 1200in. = ft 29. 0.0001 mm = hm 
31. 12 mi = in. 32. 36m = ft 

34, 2.5 yd = m 35. 6000 mm = dm 


24. 40dm = dam 


27, 19.2m = mm 
30. 4km = cm 

33. 80dm = dam 
36. 0.0635 mm = in. 


37. Match each measure in the first column with an equivalent measure in the second column by drawing 


connecting lines. [8.1a], [8.2a] 


id 24,000 dm 
144 in. 1320 yd 
2400 m 2400 mm 
0.75 mi 9 in. 
24m 0.024 km 
240 cm 12 ft 


38. Arrange from smallest to largest: 


100in., 430 ft, mi, 3.5ft, 6000ft, 1000in., 2yd. [81a] 


= 
100 


39. Arrange from largest to smallest: 


3240cm, 300m, 250dm, 150hm, 33,000mm, 310dam, 13km. [8.2a] 
40. Arrange from smallest to largest: 
1 
2yd, 1.5 mi, 65cm, 5 ft, 3km, 2.5m. [8.3a] 
Understanding Through Discussion and Writing 
41. A student makes the following error: 42. Explain in your own words why metric units are easier 


23 in. = 23 - (12 ft) = 276 ft. 
Explain the error. [8.1a| 


to work with than American units. [8.2a| 


43. Recall the guidelines for conversion: (1) If the 44. Do some research in a library or on the Internet about 
conversion is from a larger unit to a smaller unit, sub- the metric system versus the American system. Why 
stitute. (2) If the conversion is from a smaller unit to do you think the United States has not converted to 
a larger unit, multiply by 1. Explain why each is the the metric system? [8.3a| 


easier way to convert in that situation. [8.1a], [8.2a] 
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STUDYING FORSUCCESS Throughout the Semester 


(_] Review regularly. A good way to do this is by doing the Skill Maintenance exercises found 


in each exercise set. 


(_) Try creating your own glossary. Understanding terminology is essential for success in any 


math course. 


(_} Memorizing is a helpful tool in the study of mathematics. Ask your instructor what you 
are expected to have memorized for tests. 


Weight and Mass; Medical Applications 


There is a difference between mass and weight, but the terms are often used 
interchangeably. People sometimes use the word “weight” when, technically, 
they are referring to “mass.” Weight is related to the force of gravity. The 
farther you are from the center of the earth, the less you weigh. Your mass 
stays the same no matter where you are. 


ce WEIGHT: THE AMERICAN SYSTEM 


AMERICAN UNITS OF WEIGHT 


1 ton (T) = 2000 pounds (1b) 1 Ib = 16 ounces (0z) 


The term “ounce” used here for weight is different from the “ounce” 
used for capacity, which we will discuss in Section 8.5. We convert units of 
weight using the same techniques that we use with linear measures. 


EXAMPLE 1 A well-known hamburger is called a “quarter-pounder.” 
Find its name in ounces: a “ ouncer.” 

Since we are converting from a larger unit to a smaller unit, we use 
substitution. 


1 1 1 
4 Ib = " 1lb = a 16 oz Substituting 16 oz for 1 Ib 


= 402 
A “quarter-pounder” can also be called a “four-ouncer.” e 
EXAMPLE 2 Complete: 15,360 lb = ______T. 


Since we are converting from a smaller unit to a larger unit, we use mul- 
tiplying by 1. 


1T 
_ %¥ ere 
15,360 Ib = 15,360 5000 Ib Multiplying by 1 
15,360 
= 5000 T = 7.68 T 


Do Exercises 1 and 2. > 


SECTION 8.4 


8.4 


OBJECTIVES 


(a) Convert from one American 
unit of weight to another. 


Db Convert from one metric unit 
of mass to another. 


coal Make conversions and solve 
applied problems concerning 
medical dosages. 


Multiply a fraction by a 


whole number. 
Multiply. 


3 
1, 4 16 


[2.4a] 


1 
2. 2480 X 3000 


Answers: 1.12 2. x or 1.24 


MyLab Math 
VIDEO 


Complete. 
1. Slb = Oz 


2. 8640 lb = T 


Answers 
1. 80 2. 4.32 
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1 metric ton (t 


1 kilogram (kg 


1 gram (g 


1 decigram (dg) = 10 


1 milligram (mg) = 100 


) = 1000 kilograms (kg) The basic unit of mass is the gram (g), which is 

) = 1000 grams (g) 

1 hectogram (hg) = 100 grams (g) 

1 dekagram (dag) = 10 grams (g) 
) 

: 7, gram (g) 


1 
1 centigram (cg) = To9 2°2™ (g) 


1 
To00 2am (g) 


DB) ass: THe Mernac system 


the mass of 1 cubic centimeter (1 cm*) of water. 
Since a cubic centimeter is small, a gram is a 
small unit of mass. 


1g=1cm 

of water 
The metric units of mass are listed at the left. The prefixes are the 
same as those for length. 


1g = 1 gram = the mass of 1 cm? of water 


Thinking Metric 
One gram is about the mass of 1 raisin or 1 package of artificial 


sweetener. Since 1 kg is about 2.2 Ib, 1000 kg is about 2200 Ib, or 
1 metric ton (t), which is just a little more than 1 American ton (T), 


1 gram 


Complete with mg, g, kg, or t. 


3. A laptop computer has a mass 
of 2 


4. Eric has a body mass of 
85.4 


5. This is a 3- vitamin. 


6. A pen has a mass of 
12 


7. A sport utility vehicle has a 
mass of 3 


Answers 
3.kg 4. kg 5.mg 6g 7.t 
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which is 2000 lb. 


1 kilogram of grapes 1 pound of grapes 


Small masses, such as dosages of medicine and vitamins, may be measured 
in milligrams (mg). The gram (g) is used for objects ordinarily measured in 
ounces, such as the mass of a letter, a piece of candy, or a coin. 


Each 2.5 mg 


22g 


The kilogram (kg) is used for larger food packages and for body masses. 
The metric ton (t) is used for very large masses, such as the mass of an 
automobile, a truckload of gravel, or an airplane. 


< Do Exercises 3-7. 


Changing Units Mentally 


As before, changing from one metric unit of mass to another requires only 
the movement of a decimal point. We use this table. 


<I CIEE 


1lkg 1 hg | 1 dag | 1g | 1 dg | 1 cg | 1 mg 


EXAMPLE 3 Complete: 8kg = g. 


Think: To go from kg to g in the table is a move of three places to the 
right. Thus, we move the decimal point three places to the right. 


ICICI ESS 


1kg 1 hg | 1 dag [pst 1g | 1 dg | 1 cg gE 1 mg 


ie) cers sear to the right 
8.0 8.000. 8kg = 8000¢ ] 
N\A 


EXAMPLE 4 Complete: 42352 = kg. 


Think: To go from g to kg in the table is a move of three places to the 
left. Thus, we move the decimal point three places to the left. 


CICS 


1kg 1 hg | 1 dag ae 1g | 1 dg | 1 cg | 1 mg 


3 Deore rs ala to the left 


4235.0 0 4235 g = 4.235kg 
Do Exercises 8 and 9. > 


EXAMPLE 5 Complete: 6.98 cg = 


Think: To go from cg to mg is a move of one place to the right. Thus, we 
move the decimal point one place to the right. 


eee 


1kg 1 hg | 1 dag | 1g | 1 dg | 1 cg | 1 mg 


mg. 


Se ee 
1 place to the right 


6.98 6.98 cg = 69.8 mg O 


SECTION 8.4 


Complete. 
8. 6.2kg = 


9. 304.8 cg = 


Answers 
8. 6200 9. 3.048 
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Complete. 
10. 7.7cg = ______ mg 
11. 2344mg = ___cg 
12. 67dg = ______ mg 
13. Complete: 
1lmcg = ___ mg. 
1mcg = g 
= 0.000001 x 1g 
= 0.000001 x mg 
14. Medical Dosage. A physician 


prescribes 500 mcg of 
alprazolam, an antianxiety 
medication. How many 
milligrams is this dosage? 


Data: Steven R. Smith, M.D. 


Answers 
10. 77 11. 234.4 12. 6700 13. 0.001 
14. 0.5 mg 


Guided Solution: 
13. 0.000001, 1000, 0.001 
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Measurement 


The most commonly used metric units of mass are kg, g, cg, and mg. We 
have purposely used those more than the others in the exercises. 


EXAMPLE 6 Complete: 89.21mg = ___g. 


Think: To go from mg to g is a move of three places to the left. Thus, we 
move the decimal point three places to the left. 


Sco 


1kg 1 hg | 1 dag | 1g fs 1 dg | 1 cg | 1 mg 


1 
3 places to the left 
89.21 0.089.21 89.21 mg = 0.08921 ¢g 
Kf 


<@ Do Exercises 10-12. 


fe) MEDICAL APPLICATIONS 


Another metric unit that is used in medicine is the microgram (mcg). It is 
defined as follows. 


MICROGRAM 
1 mi =1 ee = 0.000001 
microgram = 1 mcg = 1,000,000 ® = 0. g 
1,000,000 mcg = 18 
EXAMPLE 7 Complete: 1mg = ____ mcg. 
We convert to grams and then to micrograms: 
1 mg = 0.001 g 
= 0.001 x 1g 
= 0.001 x 1,000,000 mcg Substituting 1,000,000 mcg for 1 g 
= 1000 mcg. 


<@ Do Exercise 13. 


EXAMPLE 8 Medical Dosage. Nitroglycerin sublingual tablets come in 
0.4-mg tablets. How many micrograms are in each tablet? 
Data: Steven R. Smith, M.D. 


We are to complete: 0.4mg = ______ mcg. Thus, 


0.4mg = 0.4 x 1 mg 


= 0.4 x 1000 mcg From Example 7, substituting 1000 mcg 


for 1 mg 
= 400 mcg. 


We can also do this problem in a manner similar to Example 7. 


«@ Do Exercise 14. 


FOR 
EXTRA @) MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Determine whether each statement is true or false. 


RCI. 400 g > 40 dg RC2. She < 400g RC3. 0.5kg = 500g 
RC4. 48 oz = 4 1b RCS. 7500 Ib < 3.5T RC6. 800 ce > 6g 


Concept Check Fill in each blank with “left” or “right.” 
CC1. To convert 340.5 g to centigrams (cg), move the decimal point 2 places to the 


CC2. To convert 20.16 mg to kilograms (kg), move the decimal point 6 places to the 


a Complete. 


161T= Ib 2. 1lb = OZ 3. 6000 Ib = T 
4.8T= Ib 5. 41b = OZ 6. 10 1b = OZ 
7. 6.32T = Ib 8. 8.07 T = Ib 9. 3200 0z = T 
10. 6400 0z = aT 11. 800z = Ib 12. 960 0z = Ib 
13. Pecans. In 2015, U.S. farmers produced 254,290,000 14. Peaches. In 2015, U.S. farmers produced 847,000 tons 
pounds of pecans. How many tons of pecans were of peaches. How many pounds of peaches were 
produced? produced? 
Data: National Agricultural Statistics Service, U.S. Department of Data: National Agricultural Statistics Service, U.S. Department of 
Agriculture Agriculture 
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18. 


21. 


24, 


27. 


30. 


33. 


36. 


39. 


42. 


ldg=____g 


1lg= mg 


2kg= ___—_sg 


5200 g = kg 


45cg= gg 


8492 g = kg 


96.1 mg = cg 


t= kg 


115 mg = g 
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16. 


19. 


22. 


25. 


28. 


31. 


34. 


37. 


40. 


43. 


the. sof 
lee = og 
1lg= cg 
234kg= gg 
1506kg = sg 
0.502dg=  _—_ gg 
466g = ———ikg 
8kg=_ eg 
2t= kg 
60.3kg=_ st 


17. 


20. 


23. 


26. 


29. 


32. 


35. 


38. 


41. 


44. 


ldag=_ sg 
img =_— _¢€ 
1lg= dg 
9403¢g= sik 
67hg= sik 
0.0025cg = si mg 
585mg=_ cg 
0.06kg = si mg 
34cg= dag 
1568kg= sit 
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ie Complete. 


45. 1mg = mcg 

47. 325mceg = ss mg 
49. 210.6mg = mcg 
51. 49mceg= ss mg 
Medical Dosage. 

physician.) 


Data: Steven R. Smith, M.D. 


53. 


55. 


57. 


Digoxin is a medication used to treat heart problems. 
A physician orders 0.125 mg of digoxin to be taken 
once daily. How many micrograms of digoxin are 
there in the daily dosage? 


Triazolam is a medication used for the short-term 
treatment of insomnia. A physician advises her 
patient to take one of the 0.125-mg tablets each night 
for 7 nights. How many milligrams of triazolam will 
the patient have ingested over that 7-day period? 
How many micrograms? 


Cephalexin is an antibiotic that frequently is prescribed 
in a 500-mg tablet form. A physician prescribes 2 g of 

cephalexin per day for a patient with a skin sore. How 
many 500-mg tablets would have to be taken in order 

to achieve this daily dosage? 


46. 


48. 


50. 


52. 


54. 


56. 


58. 


SECTION 8.4 


lmceg = se mg 
0.45 mg = mcg 
8000 mcg = ss mg 
0.075 mg = mcg 


Solve each of the following. (None of these medications should be taken without consulting your own 


Digoxin is a medication used to treat heart problems. 
A physician orders 0.25 mg of digoxin to be taken once 
a day. How many micrograms of digoxin are there in 
the daily dosage? 


Clonidine is a medication used to treat high blood 
pressure. The usual starting dose of clonidine is one 
0.1-mg tablet twice a day. If a patient is started on 
this dose by his physician, how many total milligrams 
of clonidine will the patient have taken before he 
returns to see his physician 14 days later? How many 
micrograms? 


Quinidine gluconate is a liquid mixture, part medicine 
and part water, that is administered intravenously. 
There are 80 mg of quinidine gluconate in each cubic 
centimeter (cc) of the liquid mixture. A physician 
orders 900 mg of quinidine gluconate to be administered 
daily to a patient with malaria. How much of the 
solution would have to be administered in order to 
achieve the recommended daily dosage? 


MAL RIA 
/ 
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59. Amoxicillin is an antibiotic commonly prescribed 
for children as a liquid suspension composed of 
part amoxicillin and part water. In one formulation 
of amoxicillin suspension, there are 250 mg of 
amoxicillin in 5 cc of the liquid suspension. A physician 
prescribes 400 mg per day for a 2-year-old child with 
an ear infection. How much of the amoxicillin liquid 
suspension would the child’s parent need to administer 
in order to achieve the recommended daily dosage of 
amoxicillin? 


SkiLL Maintenance iii cccececccceccccccececceccceeseesveeecesvesvssvstvevesvssvatavssvssvatessisvssvatvsevsvsvetvestevtseseees 


Convert to fraction notation. [6.2b] 


61. 35% 62. 99% 
65. 375% 66. 66.6% 
Solve. 


69. A country has a population that is increasing by 4% 
each year. This year the population is 180,000. What 
will it be next year? [6.5b] 


71. A state charges a meal tax of 45 %. What is 
the meal tax charged on a dinner party costing 
$540? [6.6a] 


DTU este ge ten ec paste cco prcect onc sgpse ceeecelat ga cen socy se ten tnzes cede erctatvmcacataantennd eae taegasceatgstoctecbasinegaeneiigene 


7 
73. A case of boxes of cereal weighs cre Ib. Each 


individual box of cereal weighs 17 oz. How many 
boxes of cereal are in the case? 


75. Tanzanite. Tanzanite is a gemstone discovered in 
1967 in the East African state of Tanzania, the only 
place in the world where it has been found. Rarer 
than diamond, tanzanite ranges in color from 
ultramarine blue to light violet-blue. The world’s 
biggest piece of tanzanite was unearthed near 
Tanzania’s Mount Kilimanjaro. The gemstone 
weighed 16,839 carats and was the size of a brick. 
A carat (also spelled karat) is a unit of weight 
for precious stones; 1 carat = 200 mg. 

Data: International Colored Gemstone Association; “World’s Biggest 

Tanzanite Gem Found Near Kilimanjaro,” Bloomberg.com, Aug. 3, 2005 

a) How many grams is this record tanzanite 
gemstone? 


b) &) Given that 1 lb = 453.6 g, how many ounces does 
this gemstone weigh? 
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60. Albuterol is a medication used for the treatment of 
asthma. It comes in an inhaler that contains 17 mg of 
albuterol mixed with a liquid. One actuation (inhalation) 
from the mouthpiece delivers a 90-mcg dose of albuterol. 


a) A physician orders 2 inhalations 4 times per day. 
How many micrograms of albuterol does the patient 
inhale per day? 

b) How many actuations/inhalations are contained in 
one inhaler? 

c) Danielle is leaving for 4 months of college and 
wants to take enough albuterol to last for that time. 
Her physician has prescribed 2 inhalations 4 times 
per day. How many inhalers will Danielle need to 
take with her for the 4-month period? 


63. 85.5% 64. 34.2% 


67. 83.3% 68. 163% 


70. A college has a student body of 1850 students. Of 
these, 17.5% are seniors. How many students are 
seniors? [6.5a| 


72. The price of a microwave oven was reduced from 
$350 to $308. Find the percent of decrease in 
price. [6.5b] 


74, At $1.89 a dozen, the cost of eggs is $1.26 per pound. 
How much does an egg weigh? 


> 


w o> 
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Capacity; Medical Applications 
(@) CAPACITY 


Convert from one metric unit of length to another. [8.2a| 
Complete. 


1. 42.7 cm = sor mm 2. 42.7 mm = 


MyLab Math 
VIDEO 


American Units 


To answer a question like “How much soda is in the can?” we need measures 
of capacity. American units of capacity are fluid ounces, cups, pints, quarts, 
and gallons. These units are related as follows. 


cm 
Answers: 1.427 2. 4.27 


AMERICAN UNITS OF CAPACITY 


1 gallon (gal) = 4 quarts (qt) 1 pt = 2 cups 


= 16 fluid ounces (fl 0z) 


1 qt = 2 pints (pt) 1 cup = 8 fluid oz 


Fluid ounces, abbreviated fl oz, are often referred to as ounces, or oz. 


EXAMPLE 1 Complete: 9 gal = 
Since we are converting from a /arger unit to a smaller unit, we use 
substitution: 
9 gal = 9-1 gal = 9-4 qt 
= 9-4-l1lqt =9-4-2pt 
= 9°4-2-1pt = 9°4-2-160z Substituting 16 oz for 1 pt 
= 1152 oz. e 


OZ. 


Substituting 4 qt for 1 gal 
Substituting 2 pt for 1 qt 


EXAMPLE 2 Complete: 24 qt = 


Since we are converting from a smaller unit to a larger unit, we multiply 
by 1 using 1 gal in the numerator and 4 qt in the denominator: 


gal. 


lgal 24 
= -1 gal = 6 gal. 


24 qt = 24 qt: 
qt ee A 


Do Exercises 1 and 2. > 


SECTION 8.5 


OBJECTIVES 


(al Convert from one unit of 
capacity to another. 


Db Solve applied problems 
concerning medical dosages. 


Complete. 
1. Sgal = pt 
pcs) 2. 80qt = gal 
1 gal 
80 qt = 80 qt: 
wee 
= gal 


Answers 
1. 40 2. 20 


Guided Solution: 
2. 4 qt, 4, 20 
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Complete with mL or L. 
3. The patient received an 


injection of 2 ____ of 
penicillin. 

4. There are 250 ____ina 
coffee cup. 


5. The gas tank holds 80 ___. 


6. Bring home 8 _____ of milk. 


Answers 
3mL 4mL 5L 6L 
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Metric Units 


One unit of capacity in the metric system is a liter. A liter is just a bit more 
than a quart. It is defined below. 


1 liter ~ 1.06 quarts 


1 liter 1 quart 
fi a 


mamner 
APPLE JICE 
From Concentrate 


METRIC UNITS OF CAPACITY 


1 liter (L) = 1000 cubic centimeters (1000 cm’) 


The script letter ¢ is also used for liter. 


The metric prefixes are also used with liters. The most common is milli-. 
The milliliter (mL) is, then, z7og liter. Thus, 


1L = 1000 mL = 1000 cm’; 
0.001 L = 1mL = 1 cm’. 


Although the other metric prefixes are rarely used for capacity, we dis- 
play them in the following table as we did for linear measure. 


1kL 1hL | 1 daL | 1L ps 1dL z 1TcL fis 1 mL (cc) 


A preferred unit for drug dosage is the milliliter (mL) or the cubic cen- 
timeter (cm*). The notation “cc” is also used for cubic centimeter, especially 
in medicine. The milliliter and the cubic centimeter represent the same mea- 
sure of capacity. A milliliter is about } of a teaspoon. 


= 


1mL = lcm’ = 1cc 


Volumes for which quarts and gallons are used are expressed in liters. 
Large volumes in business and industry are expressed using measures of 
cubic meters (m*). 


<< Do Exercises 3-6. 


EXAMPLE 3 Complete: 4.5L = —_____ mL. 


45L=45 Xx 1L=45 X 1000mL Substituting 1000 mL for 1 L 
= 4500 mL 


1kL | 1hL | 1 daL | LL pele 1dL E TcL | Imi ce) 


3 ee to the right @ 


EXAMPLE 4 Complete: 280mL = ____L. 
280 mL = 280 X 1 mL = 280 X 0.001 L = 0.28L 


ee 


1kL 1hL | 1 daL | ao UF ft 1dL E 1cL fis 1 mL (cc) 
pcs) 7. 0.97L = mL 
ee (197 107 <a 
3 places to the left = 0.97 X mL 
= mL 


We do find metric units of capacity in frequent use in the United 
States—for example, in sizes of soda bottles and automobile engines. 


Do Exercises 7 and 8. D> 8. 8990 mL = ____L 


Db MEDICAL APPLICATIONS 


The metric system is used extensively in medicine. 


EXAMPLE 5 Medical Dosage. A physician ordered 3.5 L of 5% dextrose 
in water (abbreviated as DSW) to be administered over a 24-hr period. How 
many milliliters were ordered? 


We convert 3.5 L to milliliters: 9. Medical Dosage. A physician 
ordered 2400 mL of 0.9% saline 
3.5L =35 X 1L =3.5 X 1000mL = 3500 mL. solution to be administered 
The physician ordered 3500 mL of DSW. intravenously over a 24-hr 
period. How many liters were 
Do Exercise 9. > ordered? 
EXAMPLE 6 Medical Dosage. Liquids at a pharmacy are often labeled 
in liters or milliliters. This means that if a physician’s prescription is given 
in ounces, it must be converted. For conversion, a pharmacist knows that 
1 fluid oz ~ 29.57 mL.* A prescription calls for 3 fluid oz of theophylline. 
How many milliliters does the prescription call for? 10. Medical Dosage. A 
ico alles prescription calls for 2 oz of 
. theophylline. 
30z =3 X loz = 3 X 29.57 mL = 88.71 mL. a) How many milliliters does 


h ipti Il for? 
The prescription calls for 88.71 mL of theophylline. ds Gaaa 6 ees 


b) How many liters does the 
Do Exercise 10. > prescription call for? 


Answers 


7. 970 8. 8.99 9. 2.4L 
10. (a) About 59.14 mL; (b) about 0.059 L 


Guided Solution: 
*In practice, most pharmacists use 30 mL as an approximation to 1 oz. 7. 1000, 970 
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a 


12. 


15. 


18. 


21. 


FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Complete each sentence using one of the two words listed below the blank. 
RC1. 1 pint = 2 RC2. 1 quart = 2 


cups/quarts cups/pints 


RC3. 1 gallon = 8 RC4. 1 cup = 8 
cups/pints fluid ounces/pints 


Concept Check Determine whether each statement is true or false. 


CCl. 600 mL < 600L CC2. 16 qt = 512 floz 
CC3. 5kL = 5,000,000 cm? CC4. 3.5 gal < 60 cups 
CCS. 6 cups > 3 pt CC6; 13.5cm? > 9135 L 
Complete. 
1L= mL = em? 2. L=1mL= cm? 
. 87L= mL 4. 806L = mL 5. 49mL = 
. 19mL = L 7. 0.401 mL = L 8. 0.816 mL = 
. BAL= cm? 10. 99.6L = cm? 11. 10 qt = 
9.6 0z = pt 13. 20 cups = pt 14. 1 gal = 
8 gal = qt 16. 1 gal = cups 17. S gal = 
11 gal = qt 19. S6qt = gal 20. 84 qt = 
11 gal = pt 22. Sgal = pt 
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OZ 


OZ 


qt 


gal 


Copyright © 2019 Pearson Education, Inc. 


Complete. 


ee a 
Object (HE) (qt) (9) (C4) 
12-can package of 12-0z sodas 

ve z setelh — ne a begeeeavens fest te SA ehe lice ee . . 

vite : er ee ae a - _ o siidasedaw duis hike ts ‘ : peck haeaeey. autiaa faniaes beatin fietneies see poschacksyesbaies 
aoe Seeds ane cugia deeseetads ses fie tacetdccheascit) taesean ae wias eset estas | eee ae ee 
ve : witeda oe eee re ied cesta a nS oee fvuesavanvens fcbisupadins fast : ; ere 
— rapes - oe : ia — sunbesen ions | ccauesnavenhivestnebstaawstunune Hin gsaesesaae Jivseensess’ eee : Posbees 


Complete. 
Cubic Cubic 
Milliliters Centimeters Centimeters 
Object (cc) (cm?) 
29. 2-L bottle of soda 2 

seeates ee aoe Getaichadespheasnedeteu mene seetsehcatees iene tes 
. = Seales = : : oe i es alates : ; saell aeeetigtonaer Gaba? et iatareenanaenase eel ea.setreecaeneaenet as 
- = Pebakte = ae : oe ised dashed saath eteeapa unaah Ltdanssseeenees ot eiaanGshumnnues icemeanaes : i pasar 
7 : sues a : a : spaitate vadoaadgkaviaaneheneasaarhanedsgiatateaiediaccey entation ; . Siaaa na daceteeecneesaneu nace 
— - vaadhes eae aS : ia - ae a eae ere ere eee - Boba ecetesnde sea nceaaenall Ceeaeeeaneieeeneaghas 


b Medical Dosage. Solve each of the following. 


Data: Steven R. Smith, M.D. 


35. An emergency-room physician orders 2.0 L of Ringer’s 


36. An emergency-room physician orders 2.5 L of 0.9% 


37. 


39. 


lactate to be administered over 2 hr for a patient in 
shock. How many milliliters is this? 


A physician orders 320 mL of 5% dextrose in water 
(D5W) solution to be administered intravenously over 
4 hr. How many liters of DSW is this? 


A physician orders 0.5 oz of magnesia and alumina 
oral suspension antacid 4 times per day for a patient 
with indigestion. How many milliliters of the antacid is 
the patient to ingest in a day? 


saline solution over 4 hr for a patient suffering from 
dehydration. How many milliliters is this? 


38. A physician orders 40 mL of 5% dextrose in water (DSW) 


solution to be administered intravenously over 2 hr to an 
elderly patient. How many liters of DSW is this? 


40. A physician orders 0.25 oz of magnesia and alumina 


oral suspension antacid 3 times per day for a child with 
upper abdominal discomfort. How many milliliters of 
the antacid is the child to ingest in a day? 


SECTION 8.5 Capacity; Medical Applications 509 


41. A physician orders 0.5 L of normal saline solution. 
How many milliliters are ordered? 


43. A physician wants her patient to receive 3.0 L of 
normal saline intravenously over a 24-hr period. How 
many milliliters per hour must the nurse administer? 


42. A physician orders that his patient receive 60 mL per 
hour of normal saline solution intravenously. How 
many liters of the saline solution is the patient to 
receive in a 24-hr period? 


44. A physician tells a patient to purchase 0.5 L of hydrogen 
peroxide. Commercially, hydrogen peroxide is found on 
the shelf in bottles that hold 4 oz, 8 oz, and 16 oz. Which 
bottle has a capacity closest to 0.5 L? 


Medical Dosage. Because patients do not always have a working knowledge of the metric system, physicians often prescribe 
dosages in teaspoons (t or tsp) and tablespoons (T or Tbsp). The units are related to the metric system and to each other as follows: 


SmL ~ 1 tsp, 3tsp = 1T. 
Complete. 
45.45mL= __tsp 4..3T=___—itsp 
49, 2T= tsp 50. 8.5 tsp = T 


Skill Maintenance 20.0.0 ccccccccceeeceeeeee 


Convert to percent notation. [6.1b], [6.2a] 


53. 0.452 54. 0.999 
57 = 58 - 
* 20 * 20 


61. Cigarette Exports. In 2016, U.S. exports of 
cigarettes totaled $952 million. This amount represented 
4.5% of the worldwide tobacco cigarette exports. 
What was the total worldwide value of cigarette 
exports? [6.5a] 


Data: worldstopexports.com; “Tobacco Cigarettes Exports by Country,” 
by Daniel Workman, November 5, 2017 


SYMthesis occ eee eeeseesteseteen 


63. Wasting Water. Many people leave the water running 
while they are brushing their teeth. Suppose that one 
person wastes 32 oz of water in this way each day. 
How much water, in gallons, is wasted by one person 
in a week? in a month (30 days)? in a year (365 days)? 
Assuming each of the 327 million people in the United 
States wastes water in this way, estimate how much 
water is wasted in the United States in a day; in a year. 


i j 
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47. [mL = tsp 48. 18.5 mL = tsp 
51. 1T = mL 52. 18.5 mL = T 
55 . 56 . 

° 3 “2 
59 = 60 = 

* 25 25 


62. U.S. Timberland. Approximately 766,234,000 acres 
of land in the United States are considered forest land. 
Of that amount, 521,154,000 acres are timberland, 
land that produces or can produce wood that can be 
used by industries. What percent of the forest land is 
timberland? [6.5a| 


Data: statista.com; U.S. Forest Service 


64. Bees and Honey. The average bee produces only 
7 teaspoon of honey in its lifetime. It takes 60,000 
honeybees to produce 100 Ib of honey. How much does 
a teaspoon of honey weigh? Express the answer in 
ounces. 


65. Cost of Gasoline. Suppose that premium gasoline 
is selling for about $3.79/gal. Using the fact that 

1 L = 1.057 qt, determine the price of the gasoline in 

dollars per liter. 
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Time and Temperature 


(@) TIME 


A table of units of time is shown below. The metric system uses “h” for hour 
and “s” for second, but we will use the more familiar “hr” and “sec.” 


UNITS OF TIME 


1 day = 24 hours (hr) 
lhr = 60 minutes (min) 


1 
1 year (yr) = 365 4 days 


1 min = 60 seconds (sec) 1 week (wk) = 7 days 


The earth revolves completely around the sun in 365; days. Since we 
cannot have } day on the calendar, we give each year 365 days and every 
fourth year 366 days (a leap year), unless it is a year at the beginning of a 
century not divisible by 400. 


EXAMPLE 1 Complete: 1 hr = ______ sc. 
1 hr = 60 min 
= 60-1 min 
= 60-60 sec Substituting 60 sec for 1 min 


= 3600 sec a) 


EXAMPLE 2 Complete: 5 years = 
S years = 5-1 year 


days. 


i il 
= 5+365 ri days Substituting 365 ri days for 1 year 


| 
n 


| 
Q 
D 
< 
a 


1826 - days 


EXAMPLE 3 Complete: 4320 min = days. 


lhf lday 4320 


4320 min = 4320 mit > Con 24 bf = 60-24 


days = 3 days 


Do Exercises 1-4. > 


pcs) 4. 168hr = ______ wk 
(3) 


SECTION 8.6 


OBJECTIVES 


(a) Convert from one unit of time 
to another. 


Db Convert between Celsius and 
Fahrenheit temperatures 
using the formulas 


F=3-C + 32 


»(F = 32). 


Complete. 
1, 2hr = min 
2. 4years = days 
3. lday = ______ min 


1 day 
168 hr = 168 hr X ——— X 


1 wk 


Answers 
1.120 2.1461 3.1440 4.1 


Guided Solution: 
4. 24 hr, 7 days, 168, 1 


Time and Temperature : 511 


Simplify expressions using 
the rules for order of 
operations. [3.7a] 


Simplify. 
9 
ik, Sc 1l@ =r 32 
5 
5 
2s g (100 = i) 


40 an 
Answers: 1.50 2. ead or 312 Porous 


9 
MyLab Math 
VIDEO 


Convert to Celsius. Approximate to 
the nearest ten degrees. 


5. 180°F (Brewing coffee) 
6. 25°F (Cold day) 


7. —10°F (Miserably cold day) 


Convert to Fahrenheit. Approximate 
to the nearest ten degrees. 


8. 25°C (Warm day at the beach) 


9. 40°C (Temperature of a patient 
with a high fever) 


10. 10°C (Cold bath) 


Answers 


5. 80°C 6. 0°C 7. —20°C 8. 80°F 
9. 100°F 10. 50°F 
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(5) TEMPERATURE 


Below are two temperature scales: Fahrenheit for American measure and 
Celsius for metric measure. 


Celsius Fahrenheit 


By laying a straight edge horizontally between the scales, we can make 
an approximate conversion from one measure of temperature to the other 
and get an idea of how the temperature scales compare. 


EXAMPLES Convert to Celsius using the scales shown above. Approximate 
to the nearest ten degrees. 


4, 212°F (Boiling point of water) 100°C This is exact. 
5. 32°F (Freezing point of water) 0°C This is exact. 
6. 105°F 40°C This is approximate. 


@ Do Exercises 5-7. 


EXAMPLES Make an approximate conversion to Fahrenheit using the 
scales shown above. 


7. 44°C (Hot bath) 110°F — This is approximate. 
8. 20°C (Room temperature) 68°F This is exact. 
9. 83°C 180°F — This is approximate. 


«@ Do Exercises 8-10. 


The following formula allows us to make exact conversions from Celsius 
to Fahrenheit. 


CELSIUS TO FAHRENHEIT 


F = 2-C + 32,01 F = 18-C +32 


9 
(muttipty the Celsius temperature by 5° 1.8, and add 22.) 


EXAMPLES Convert to Fahrenheit. 
10. 0°C (Freezing point of water) 


F=2+C +32 = 2-0 $32 =0432=32 


Thus, 0°C = 32°F. 
11. 37°C (Normal body temperature) 
F=1.8-C + 32 = 18:37 + 32 = 66.6 + 32 = 98.6 
Thus, 37°C = 98.6°F. 
Check the answers to Examples 10 and 11 using the scales on p. 512. 
Do Exercises 11 and 12. > 


The following formula allows us to make exact conversions from 
Fahrenheit to Celsius. 


FAHRENHEIT TO CELSIUS 


(F — 32) 
1.8 


C= 2.(F - 32), 0rC = 


5 
(Subtract 32 from the Fahrenheit temperature and multiply by 9 ot 
divide by 18.) 


EXAMPLES Convert to Celsius. 
12. 212°F (Boiling point of water) 13. 77°F 


5 F — 32 
Sr ee), CS 
5 77 — 32 
= 5° (212 — 32) = 
= 2.10 = 100 = 5 
9 1.8 
Thus, 212°F = 100°C. Thus, 77°F = 25°C. 


Check the answers to Examples 12 and 13 using the scales on p. 512. 
Do Exercises 13 and 14. > 


Convert to Fahrenheit. 
11. 80°C 


12. 35°C 


Temperature Conversions 
Temperature conversions can be 
done quickly using a calculator. To 
convert 37°C to Fahrenheit, for 
example, we press[1][* ][8][<][3] 

7 |[+][ 3 |] 2 || =]. The calculator 
displays 98.6|,s0 37°C = 
98.6°F. We can convert 212°F to 
Celsius by pressing | ( 1][2 
3[2]) JE] IE |[8][=]- The 
display reads 100 |, SO 
212°F = 100°C. Note that we must 


use parentheses when converting 
from Fahrenheit to Celsius in order 
to get the correct result. 


EXERCISES: Use a calculator 
to convert each temperature to 
Fahrenheit. 


1. 5°C 
2. 50°C 


Use a calculator to convert each 
temperature to Celsius. 


3. 68°F 
4. 113°F 


Convert to Celsius. 


pcs) 13. 95°F 


C= 2(F = 3) 


Thus, 95°F = AC, 


14. 113°F 


Answers 
11. 176°F 1 12. 95°F 13. 35°C 14. 45°C 


Guided Solution: 
13. 95, 63, 35; 35 
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FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Choose from the list on the right the expression that completes each unit conversion. 
An expression can be used more than once. 


1 
RCL. 2400 sec = 2400 sco) = 40 min a) 60 sec 
b) 60 min 
lday c) 24 hr 
RC2. 1992 hr = 1992 hr- rs = 83 days d) 7 days 


RC3. 36,000 sec = 36,000 sec-( 4 =) (7 ) = 10hr 


1d 
RC4. 126,000 min = 126,000 min-( mu )-( =) ( : “ ose 


Concept Check Select the temperature in each pair that is higher. 
CCI, =1OXC, 1018 CC2. 80°C, 200°F 
CC3. 100°F, 30°C CC4. O°F, 0°C 
@ Complete. 
1. 1 day = hr 2. Lhr= min 3. Lmin = sec 
4. lwk = days 5. lyear = days 6. 2 years = days 
7. 180 sec = hr 8. 60sec = hr 9. 492 sec = min 
(The amount of time it takes for the 
rays of the sun to reach the earth) 
10. 18,000 sec = hr 11. 156 hr = days 12. 444hr = days 
13. 645 min = hr 14. 375 min = hr 15. 2wk = hr 
16. 4hr = sec 17. 756 hr = wk 18. 166,320 min = wk 
19. 2922 wk = years 20. 623 days = wk 
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21. Actual Time in a Day. Although we round it to 
24 hr, the actual length of a day is 23 hr, 56 min, and 
4.2 sec. How many seconds are there in an actual day? 


Data: The Handy Geography Answer Book 


1 hr, 1 day, 1 week, or 1 month? 


b Convert to Fahrenheit. Use the formula F = = C+ 320r F=1.8-C + 32. 


23. 25°C 24, 85°C 
27. 86°C 28. 93°C 
31. 2°C 32. 78°C 
35. 3000°C 


(The melting point of iron) 


Convert to Celsius. Use the formula C = >. 


37. 86°F 38. 59°F 
41. 178°F 42. 195°F 
45. 68°F 46. 50°F 
49. 98.6°F 


(Normal body temperature) 


(P= a2) orc =~ 


25. 40°C 26. 90°C 
29. 58°C 30. 35°C 
33. S°C 34, 15°C 
36. 1000°C 


(The melting point of gold) 


= 32 

18 — 

39. 131°F 40. 140°F 
43. 140°F 44, 107°F 
47. 44°F 48. 120°F 
50. 104°F 


(High-fever body temperature) 


SECTION 8.6 Time and Temperature 


22. Time Length. What length of time is 86,400 sec? Is it 


515 


51. Record High Temperature. The record high 
temperature in Arizona as of April 28, 2016, occurred 
on June 29, 1994. The record was 128°F at Lake 
Havasu City. Convert 128°F to Celsius. 


Data: National Climatic Data Center, NESDIS, NOAA, U.S. Department of 
Commerce 


53. Highest Temperatures. The highest temperature 
ever recorded in the world is 56.7°C in Furnace Creek 
(Death Valley), California, on July 10, 1913. The 
highest temperature ever recorded in Africa is 131.0°F 
in Kebili, Tunisia, on July 7, 1931. 


Data: infoplease.com 


a) Convert each temperature to the other scale. 
b) How much higher in degrees Fahrenheit was the 
world record than the African record? 


California’s 
Death Valley 


SKALL Maite mane oii cccccccecccccccccccccesceceecesevecsessesesevesvevssvstsvesvssvstssvstestisvssvstesessvitsvssvavvevseveseeeee, 


55. Divide: 739 + 13. [1.5a] 
Solve. : 
57. 0.05 + x = 2.525 [4.2c] 58. ia. = 130 
Simplify. [3.7a] 
1 Ly i\? 2 1 3 
. 14 t t gy 
” 2 (5) (5) _ 5 10 


SYNE eSHS ccc ce eee ces ee eesnetstnststestitstintiastistiiseitiitisisiititisitisitietitiisiesieisstitssieenteseseees 


63. Estimate the number of years in one million 
seconds. 


65. Estimate the number of years in one trillion seconds. 


Complete. 
ft i 
66. 88 — = 
sec hr 
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a Kebili, Tunisia 


52. Record High Temperature. The record high temper- 
ature in Utah as of April 28, 2016, occurred on July 5, 
1985. The record was 117°F at Saint George. Convert 
117°F to Celsius. 


Data: National Climatic Data Center, NESDIS, NOAA, U.S. Department of 
Commerce 


54. Boiling Point and Altitude. The boiling point of 
water actually changes with altitude. The boiling point 
is 212°F at sea level, but lowers about 1°F for every 
500 ft that the altitude increases above sea level. 


Data: The Handy Geography Answer Book; The New York Times Almanac 


a) What is the boiling point at an elevation of 1500 ft 
above sea level? 

b) The elevation of Tucson is 2564 ft above sea level and 
that of Phoenix is 1117 ft. What is the boiling point in 
each city? 

c) How much lower is the boiling point in Denver, whose 
elevation is 5280 ft, than in Tucson? 

d) What is the boiling point at the top of Mt. McKinley 
in Alaska, the highest point in the United States, at 
20,320 ft? 


56. Multiply: 8.03 x 0.001. [4.3a] 


[2.7¢] 59. 4-¢ = 16.2 [4.4b] 


64. Estimate the number of years in one billion 
seconds. 
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Converting Units of Area 


(@) AMERICAN UNITS 


Evaluate exponential notation. [1.9b| 
Evaluate. 
1 2. 10° 


Answers: 1.81 2. 1000 
MyLab Math 
VIDEO 


Let’s do some conversions from one American unit of area to another. 


EXAMPLE 1 Complete: 1 ft? = _____in’. 
1ft? =1-(12in.)? —_ Substituting 12 in. for 1 ft 
= 1-12in.-12in. = 144 in’ B 
EXAMPLE 2 Complete: 8 yd? = __ ft”. 


8 yd* = 8:(3 ft)? — Substituting 3 ft for 1 yd 
= 8-33 = 8-343 tet = Rit 


Do Exercises 1-3. > 


AMERICAN UNITS OF AREA 


1 square yard (yd?) = 9 square feet (ft’) 
1 square foot (ft?) = 144 square inches (in’) 
1 square mile (mi?) = 640 acres 
lacre = 43,560 ft? 


EXAMPLE 3 Complete: 36 ft? = ___ yd’. 


We are converting from “ft?” to “yd?.” Thus, we choose a symbol for 1 
with yd’ on top and ft” on the bottom. 


v4 


1 yd? a _ dy 
Multiplying by 1 using ont 


36 ft? = 36 ft? x ; 
9 ft 


36. ft 
= — x — xX Lyd = 4 yc? e 


EXAMPLE 4 Complete: 7 mi? = 
im =7* lar 


= 7-640 acres 
= 4480 acres 


acres. 


Substituting 640 acres for 1 mi? 


Do Exercises 4 and 5. D> 


SECTION 8.7 


8./ 


OBJECTIVES 


(a) Convert from one American 
unit of area to another. 


Db Convert from one metric 
unit of area to another. 


Complete. 
1. lyd? = ft” 
2. Syd? = ft” 
3520 ie 
20 ft? = 20 x 1 ft? 
= 20 x in? 
= in2 
Complete. 


5. 5mi*? = ____acres 


Answers 
1.9 2.45 3. 2880 4.2.5 5. 3200 


Guided Solutions: 
3. 144,2880 4. 144 in’, 144, 2.5 
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Complete. 

6. 1m’? = __ ss mn? 

7. 100mm’ = ___ scr’ 
Complete. 

8. 2.88m2= scr’ 

9. 43mm? = ___ cm” 
10. 678,000 m2 = ___—sikm? 
Answers 


6. 1,000,000 7. 1 8. 28,800 9. 0.043 
10. 0.678 
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6) METRIC UNITS 


Let’s now convert from one metric unit of area to another. 


EXAMPLE 5 Complete: 1km? = sm’. 


1km’ =1-(1000m)? _ Substituting 1000 m for 1 km 
= 1-1000 m- 1000 m = 1,000,000 m* e 


EXAMPLE 6 Complete: 10,000cm? = ___ m’. 


1m 1m 


100 cm : 100 cm 

1 2 
= 10,000 em?» "= 1m? 
10,000 cm: 


10,000 cm? = 10,000 cm? 


< Do Exercises 6 and 7. 


Mental Conversion 


To convert mentally, we first note that 107 = 100, 1007 = 10,000, and 
0.1? = 0.01. We use the table as before and multiply the number of places we 
move for the simple unit conversion by 2 to determine the number of places 
to move the decimal point for conversion of squared units. 


EXAMPLE 7 Complete: 3.48km? = sm’. 
Think: To go from km to m in the table is a move of 3 places to the right. 


Fio00m | soom | som [im] osm | oom | 000m | 
1km | 1 hm | tdam | 1m | 1dm | 1cm | 1mm 


i ee 


3 moves to the right 


So we move the decimal point 2 +3, or 6, places to the right. 
3.48 3.480000. 3.48 km* = 3,480,000 m? 
es 
6 places to the right @ 


EXAMPLE 8 Complete: 586.78 cm’ = __——sm”. 
Think: To go from cm to m in the table is a move of 2 places to the left. 


Fio00m | s00m | om [im] oim | acim | 000m | 


1km | 1 hm | dam | 1m | 1dm | lcm | 1mm 


2 moves to the left 
So we move the decimal point 2 +2, or 4, places to the left. 
586.78  0.0586.78 586.78 cm* = 0.058678 m” 
R- 
4 places to the left 
«@ Do Exercises 8-10. 


1. Test Items. Ona test of 
90 items, Sally got 80% correct. 
How many items did she get 
correct? 


2. Suspension Bridge. The 
San Francisco—Oakland Bay 
suspension bridge is 0.4375 mi 
long. Convert this distance to 
yards. 


3. Population Growth. City 
A’s growth rate per year is 
0.9%. If the population was 
1,500,000 in 2005, what was 
the population in 2006? 


4. Roller Coaster Drop. The 
Manhattan Express Roller 
Coaster at the New York-— 
New York Hotel and Casino, 
Las Vegas, Nevada, has a 
144-ft drop. The California 
Screamin’ Roller Coaster 
at Disney’s California 
Adventure, Anaheim, 
California, has a 32.635-m 
drop. How much larger, in 
meters, is the drop of the 
Manhattan Express than 
the drop of the California 
Screamin’? 


5. Driving Distance. Nate 
drives the company car 
675 mi in 15 days. At this 
rate, how far will he drive 
in 20 days? 


Translating 
for Success 


The goal of these matching questions is to 
practice step (2), Translate, of the five-step 
problem-solving process. Translate each 
word problem to an equation and select a 
correct translation from equations A-0. 


A. 32.635m + x = 144 i m 


5280 ft | 12in. 


- xX = 0.4375 mi X ae x Gi 


5 tle cse = 10) 


1000 m_ 1m 


eS ee One 


- x = 80% -90 


Somes te 
1ft 


oD 


ST) 
5280 ft Lyd 


- xX = 0.4375 mi X eR a Aft 


0.621 mi 5280 ft 


x = 0.89 km: nes a 


& OD 


15 20 


a Tere ee + 75 ft 
1m 


1 ft 


Fy + = x . 
144 ft + x = 32.635m 0.305 m 


. x = 1,500,000 — 0.9% (1,500,000) 
. 20-x = 675 


. xX = 1,500,000 + 0.9% (1,500,000) 


Answers on page A-16 


6. Test Items. Jason correctly 
answered 90 items on a recent 
test. These items represented 
80% of the total number of 
questions. How many items 
were on the test? 


. Population Decline. City 
B’s growth rate per year is 
—0.9%. If the population was 
1,500,000 in 2005, what was 
the population in 2006? 


. Bridge Length. The Tatara 
Bridge in Onomichi-Imabari, 
Japan, is 0.89 km long. Convert 
this distance to feet. 


. Height of Tower. The 
Willis Tower in Chicago 
is 75 ft taller than the Jin 
Mao Building in Shanghai. 
The height of the Jin Mao 
Building is 420 m. What is the 
height of the Willis Tower 
in feet? 


. Gasoline Usage. Nate’s 
company car gets 20 mi to the 
gallon in city driving. How 
many gallons will it use in 
675 mi of city driving? 


FOR 
EXTRA @ MyLab Math 
HELP 


VY Check Your Understanding 


Reading Check Determine whether each equation is true or false. 


RC1. OT —vde RC2. lime = 640 fit RC3. 
RC4. 3610 —" Iya RCS. 1 km? = 1,000,000 m? RC6. 


lacre = 43,560 ft” 
1 ft? = 144 in? 


Concept Check Choose from the list on the right the symbol for 1 that can be used to complete each unit 


Y= 


conversion. : 
1 mi lacre 
5D Oe = D Sere ee 
CCl. 216 in* = 216 in 1.5 ft a) Wea acres b) 43,5601 
CO25 21780 tta— 2 780) it-- = 0.5 acre F 43,560 ft” 144 in. 
lacre iti? 
' 1yd? 1 ft? 
e 
9 ft? 144 in? 
a Complete. 
1. 1ft? = in’ 2. 1 yd? = ft? 3. lmi* = 
4. lacre = ft? 5. lin’ = ft? 6. 1ft? = 
7. 22yd? = ft? 8. 40 ft? = in’ 9. 44 yd? = 
10. 144 ft? = yd? 1. 20 mi* = acres 12. 576 in? 
13. 1 mi? = ii 14. 1 mi? = yd? 15. 720 in? 
16. 27 ft? = yd 17. 144 in? = ate 18. 72i 
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acres 


yd 


ft? 


ft? 


ft? 


ft? 
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19. l acre = mi? 20. 4 acres = 

22. 1080 in? = ft? 23,333 = 
b Complete. 

25. 5.21km’ = nn? 26. 65 km? = 

28. 0.028 m? = mn’ 29. 2345.6 mm” = 
31. 852.14 cm’? = nm 32. 125mm? = 
34. 2400 mn” = cn’ 35. 472,800 m’ = 


ft? 21. 40.3 mi? = acres 


yd? 24. 18 yd? = in? 
nm 27. 0.014 m? = cm’ 
cn’ 30. 8.38 cm* = mn? 
ny’ 33. 250,000 mm? = cn’ 
km? 36. 1.37 cm? = mm 


SKILL Maite mane oii cccccccccccccccccceeceececeeseecesessvstvscesvetvsvssvssssvssvssavesvstssssvssvatsevstestssestvetveveseseees 


In Exercises 37 and 38, find the simple interest. [6.7a] 
37. On $2000 at an interest rate of 8% for 1.5 years 


38. 


On $2000 at an interest rate of 5.3% for 2 years 


In each of Exercises 39 and 40, find (a) the amount of simple interest due and (b) the total amount that must be paid 


back. [6.7a] 
39. A firm borrows $6400 at 8.4% for 150 days. 


40. A firm borrows $4200 at 11% for 30 days. 


PS PUNE IN GS S89. hia atest ec deer a a acetals beet dee sede cet eden odode she taten 


Complete. 
a. tn? = ft? 
43. 2yd* = m? 


45. Aalsmeer Flower Auction. The fifth-largest building 
in the world in terms of floor space houses the 
Aalsmeer Flower Auction in Aalsmeer, Netherlands. 
It covers approximately 990,000 m*. Each day, over 
20 million flowers are sold there. Convert 990,000 m? 
to square feet. 


Data: www.amsterdamlogue.com; www.youTube.com, Aalsmeer, 
Netherlands: Flower Auction 


42. 
44, 


46. 


lacre = m 


The Palazzo. The largest building in the United 
States in terms of floor space is the Palazzo, a hotel 
and casino on the Las Vegas Strip in Paradise, Nevada. 
It contains approximately 6,948,980 ft”. Convert 
6,948,980 ft? to square meters. Round the answer to 
the nearest thousand. 


Data: real-estate.knoji.com 


SECTION 8.7 Converting UnitsofArea : 521 


CHAPTER 


8. Summary and Review 


Units of Measure: Conversions 


American Units of Length: 


Metric Units of Length: 


American and Metric: 


American Units of Weight: 


Metric Units of Mass: 


American Units of Capacity: 


Metric Units of Capacity: 
American and Metric: 


Units of Time: 


Temperature Conversion: 


American Units of Area: 


12in. = 1 ft; 3 ft = 1 yd; 36in. = 1 yd; 5280 ft = 1 mi 


1km = 1000 m; 1hm = 100m;1dam = 10m;1dm = 0.1m;1cm = 0.01 m; 
1mm = 0.001 m 


1m = 39.370 in.; 1m = 3.281 ft; 1 ft = 0.305 m; 1 in. = 2.540 cm; 
1km = 0.621 mi; 1 mi = 1.609 km; 1 yd = 0.914 m; 1m = 1.094 yd 


1T = 2000 lb; 1 1b = 16 0z 


1t = 1000 kg; 1 kg = 1000 g; 1 hg = 100g; 1 dag = 109; 1dg = 0.1; 
1cg = 0.01 g; 1 mg = 0.001 g; 1 mcg = 0.000001 g 


1 gal = 4qt; 1 qt = 2 pt; 1 pt = 16 fluid oz; 1 pt = 2 cups; 1 cup = 8 fluid oz 

1L = 1000 mL = 1000 cm’ = 1000 cc 

loz = 29.57 mL; 1L = 1.06 qt 

1 min = 60sec; 1 hr = 60 min; 1 day = 24hr; 1 wk = 7 days; 1 year = 365+ days 


Fe= aC + 32, or F = 1.8-C + 32; 


5 F- 32 
C= 5 (F — 32),orC = 8 


1 yd? = 9 ft?; 1 ft? = 144 in’; 1 mi* = 640 acres; 1 acre = 43,560 ft” 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. Distances measured in feet in the American system would probably be 
measured in meters in the metric system. [8.2] 


2. When converting from grams to milligrams, we move the decimal point 
two places to the left. [8.4b] 


3. To convert mm? to cm’, move the decimal point two places to the 
left. [8.7b] 


4. Since 1 yd = 3 ft, we multiply by 3 to convert square yards to square 
feet. [8.7a] 


5. You would probably use your furnace when the temperature outside 
was 40°C. [8.6b] 


6. You could go ice fishing when the temperature outside was 10°C. [8.6b] 
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Study Guide 


Objective 8.1a Convert from one American unit of length to another. 


Examples Complete: 126in. = yd and Practice Exercises 
ae = ft. : Complete. 
ae ea 1. 7ft = yd 
: in. y : 
= : 1. 
poe 1 36in. : 2.25mi = ft 
126 in 
= lyd 
36in. ~~ 
126 _ in. 
= —— X — X lyd 
36 in. 


= 3.5 X Lyd = 3.5 yd; 


2 2 17 
S5yd = 55x lyd= x 3ft = 17ft 


Objective 8.2a Convert from one metric unit of length to another. 


Example Complete: 38km = cm and : Practice Exercises 


a ————— Complete. 
To go from km to cm, we move the decimal point : 3. hm = = 
5 places to the right. : . 
4. 46cm = km 


38 38.00000. 38km = 3,800,000 cm 
Phe 


To go from mm to m, we move the decimal point 
3 places to the left. 


2.9 0.002.9 2.9mm = 0.0029 m 
ar 


Objective 8.3a Convert between American units of length and metric units of length. 


Example Complete: 42 ft = m. : Practice Exercise 


Nets heey ay 5. Complete: 10m = yd. 
42 ft = 42 x 1ft ~ 42 x 0.305m (Note: 1m ~ 1.094 yd.) 
= 12.81m : 


Objective 8.4a Convert from one American unit of weight to another. 


Example Complete: 4020 0z = Ib. : Practice Exercise 


6. Complete: 10,280 lb = TE 
1lb 4020 , ————- 
— x —_— = — — : 
4020 oz = 4020 02 16 16 Ib = 251.25 lb 


Objective 8.4b Convert from one metric unit of mass to another. 


Example Complete: 5.62 cg = g. Practice Exercise 


To go from cg to g, we move the decimal point : 7. Complete: 9.78 mg = g. 
2 places to the left. ; 


5.62 0.05.62 5.62cg = 0.0562 g 
Yr 


Summary and Review: Chapter 8 
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Objective 8.5a Convert from one unit of capacity to another. 


Examples Complete: 6 gal = pt and Practice Exercises 


3800mL = Udi“ "Complete. 
6 gal = 6 X 1 gal 8. 16qt = cups 
= 6 X 4qt > 9, 42,670 mL = L 
=6x4xI1qt : 


=6x 4x 2pt = 48pt 


To go from mL to L, we move the decimal point 
3 places to the left. 


3800 3.800. 3800mL = 3.8L 
r- 


Objective 8.6a Convert from one unit of time to another. 


Example Complete: 7200 min = days. : Practice Exercise 


eer Sihaze 1hf 1day : 10. Complete: 3600 sec = hr. 
min = 7 min 60 mi : 7A bf : 
7200 
= 60-24 “YS = 5 days 


Objective 8.6b Convert between Celsius and Fahrenheit temperatures using the formulas 
F=2-C + 32andC = 3-(F— 32). 


Examples Convert 18°C to Fahrenheit and 95°F to Practice Exercises 


Celsius. 11. Convert 68°C to Fahrenheit. 
F- 2 C + 32 = 1.8-18 + 32 : 12. Convert 104°F to Celsius. 
5 ; 


32.4 + 32 = 64.4 


Thus, 18°C = 64.4°F. 


5 
= —:(F — 32 
C = 2-(F 32) 


Thus, 95°F = 35°C. 


Objective 8.7a Convert from one American unit of area to another. 


Example Complete: 14,400 in’ = i Practice Exercise 
ft2 : 13. Complete: 81 ft? = yd’. 
14,400 in? = 14,400 in? x —— : 
144 in : 
14,400 | in? 


—— x — x 1 ft? = 100 ft? 
144 in2 


Objective 8.7b Convert from one metric unit of area to another. 


Example Complete: 9.6 m? = cm’. Practice Exercise 


To go from m to cm’, we move the decimal point 14. Complete: 52.4 cm” = mm’. 
2 X 2, or 4, places to the right. : 


9.6 9.6000. 9.6 m? = 96,000 cm? 
“A 
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Review Exercises 


Complete. [8.1a], [8.2a], [8.3a] 

1. 8ft = yd 2. > val = in. 
3. 0.3mm = cm 4.4m = km 
5. 2yd = in. 6. 4km = cm 
7 14in. = ft 8. 15cm = m 
9, 200m = yd 10. 20 mi = km 


Complete the table below. [8.2a] 


(mm) (cm) (m) 


12 305 
Complete. [8.4a, b], [8.5a], [8.6a] 
13. 7lb = OZ 14. 4¢ = kg 
15. 16min = hr 16. 464 mL = L 3 
17. 3 min = sec 18. 4.7kg = g 


19. 8.07 T = Ib 20. 0.83L = mL 
21. 6hr = days 22. 4cg = g 

23. 0.2¢ = mg 24. 0.0003 kg = cg 
25. 0.7mL = L 26. 60mL = L 
27. 0.8T = Ib 28. 04L= mL 
29. 200z = Ib 30. > min = sec 
31. 20 gal = pt 32. 9600z = gal 
33. 54 qt = gal 34. 2.5 days = hr 
35. 3020 cg = kg 36. 10,500 Ib = T 


Medical Dosage. Solve. 


37. Amoxicillin is an antibiotic obtainable in a liquid 
suspension form, part medication and part water, 
that is frequently used to treat infections in infants. 
One formulation of the drug contains 125 mg of 
amoxicillin per 5 mL of liquid. A pediatrician 
orders 150 mg per day for a 4-month-old child 
with an ear infection. How much of the amoxicillin 
suspension would the parent need to administer 
to the infant in order to achieve the recommended 
daily dose? [8.4c], [8.5b] 


Summary and Review: Chapter 8 525 


38. 


39. 


40. 


41. 


42. 


43. 


An emergency-room physician orders 3 L of Ringer’s 
lactate to be administered over 4 hr for a patient 
suffering from shock and severe low blood pressure. 
How many milliliters is this? [8.5b] 


A physician prescribes 0.25 mg of alprazolam, an 


antianxiety medication. How many micrograms are 
[8.4c] 


in this dose? 


Convert 27°C to Fahrenheit. [8.6b] 


Convert 45°C to Fahrenheit. [8.6b] 
Convert 68°F to Celsius. 


[8.6b] 


Convert 95°F to Celsius. [8.6b] 


Complete. [8.7a, b] 

44, 4yd’ = at? 

45. 0.3km* = m 

46. 2070 in? = ft? 

47. 600 cm’ = n? 

48. Complete: 172.6cm = hm. [8.2a] 
A. 0.1726 B. 1,726,000 
C. 0.01726 D. 17.26 

49. Complete: 0.16 gal = cups. [8.5a] 
A. 1.28 B. 2.56 
C. 0.64 D. 160 


Synthesis 


50. 


51. 


Running Record. The current world record for 
the men’s 200-m dash is 19.19 sec, set by Usain 
Bolt of Jamaica at the 2009 World Championships. 
What would the record be if the run were a 200-yd 
dash? [8.3a| 


Data: The International Association of Athletics Federations 
It is known that 1 gal of water weighs 8.3453 Ib. 


Which weighs more: an ounce of pennies or an 
ounce (as capacity) of water? Explain. [8.4a], [8.5a] 


Understanding Through Discussion and Writing 


1. 


Give at least two reasons why someone might prefer 
the use of grams to the use of ounces. [8.4a, b] 


. Why do you think most containers for liquids list 


both metric and American units of measure? [8.5a] 


. Explain the difference between the way we move 


the decimal point for area conversion and the way 
we do so for length conversion. [8.2a], [8.7b] 


. What advantages does the use of metric units 


of capacity have over the use of American 
units? [8.5a] 


5. 


6. 


a) The temperature is 23°C. Would you want to 
play golf? Explain. 

b) Your bathwater has a temperature of 10°C. 
Would you want to take a bath? 

c) The nearby lake has a temperature of —10°C. 
Would it be safe to go ice skating? [8.6b] 


Which is larger and why: one square meter or one 
square yard? [8.3a], [8.7a, b] 
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CHAPTER 


For step-by-step test solutions, access the Chapter Test Prep Videos 
in MyLab Math. 


Complete. 
1. 4ft = in. 2. 4in. = ft 
3. 6km = m 4. 8.7mm = cm 
5. 200 yd = m 6. 2400 km = mi 


Complete the table below. 


Millimeters Centimeters Meters 
Object (mm) a (m) 


7. Width of a key on a calculator 


8. Height of one of your authors 1.8542 
Complete. 

9. 3080 mL = E 10. 0.24L = mL 
11. 41b = OZ 12. 4.11T = Ib 
13. 3.8kg = g 14. 4.325 mg = cg 
15. 2200 mg = g 16. Shr = min 
17. 15 days = hr 18. 64pt = qt 
19. 10 gal = OZ 20. Scups = OZ 
21. 0.37 mg = mcg 


Test: Chapter8 - 527 


22. Convert 95°F to Celsius. 23. Convert 59°C to Fahrenheit. 


Complete the table below. 


Yards Centimeters Inches Meters Millimeters 
Object )) (cm) (in.) - (mm) 


Length of a meter stick 


25. Height of Xiamen Posts and 
Telecommunications Building, 398 
Xiamen, China 


Medical Dosage. Solve. 


26. An emergency-room physician prescribes 2.5 L 27. A physician prescribes 0.5 mg of alprazolam to be 
of normal saline given intravenously over 8 hr for taken 3 times a day by a patient suffering from anxiety. 
a patient who is severely dehydrated. How many How many micrograms of alprazolam is the patient to 
milliliters is this? ingest each day? 


28. A prescription calls for 4 oz of dextromethorphan, a cough-suppressant medication. For how many milliliters is the 
prescription? (Use 1 oz = 29.57 mL.) 


Complete. 
29. 12 ft” = in? 30. 3cm? = m 


31. Convert 45.5°C to Fahrenheit. 


A. 49.9°F B. 24.3°F 
Cs Waris D. 113.9°F 
SUMIEMGS US ener errata ere ete oa ee eee ee Ua enn ee Venere a ee 


32. Running Record. ‘The current world record for the men’s 400-m dash is 43.03 sec, set by Wayde van Niekerk of 
South Africa at the 2016 Summer Olympic Games in Rio de Janeiro, Brazil. What would the record be if the run were 
a 400-yd dash? 


Data: The International Association of Athletics Federations 
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CHAPTERS 


Cumulative Review 


Solve. 11. Determine whether 1,298,032 is divisible by 8. 


1. Population 65 and Older. The U.S. population 65 
and older was about 40.4 million in 2010. It is projected 
to be 74.1 million in 2030. Find standard notation for 
40.4 million and 74.1 million. 


Data: Decennial Censuses, Annual Population Estimates, U.S. Interim 
Projections, U.S. Census Bureau; U.S. Department of Commerce 


12. Determine whether 5,024,120 is divisible by 3. 


13. Find the prime factorization of 99. 
2. Gas Mileage. A 2016 Land Rover Range Rover Sport 


HSE Td6 travels 435 mi on the highway on 15 gal of 
gasoline. What is the gas mileage? 


Data: Motor Trend, September 2017 14. Find the LCM of 35 and 49. 


3. Corn Production. \owa, the top corn-producing state in 
the United States, produced 2.74 billion bushels of cornin —: = 
2016. Indiana produced 946.31 million bushels of corn that 15: Round 35.7 to the nearest tenth. 
year. How many more bushels of corn were produced in 
Towa than in Indiana? 


Data: U.S. Department of Agriculture : 16. Write a word name for 103.064. 


4. Interpreters and Translators. In 2016, approximately 
68,200 people in the United States were interpreters and - 
translators. It is projected that this number willincrease =< 17. Find the average and the median of this set of numbers: 
to 79,600 by 2026. What is the projected percent increase: 29.21. 9. 13. 17.18 
in the number of interpreters and translators? : ne Ota aaa ea 


Data: bls.gov, U.S. Bureau of Labor Statistics, Occupational Outlook 


Handbook 
Find percent notation. 
18. 0.08 19. = 
5) 
Complete. 
20. 2yd = ft 21. 602 = Ib 
22. 15°C = le 23. 0.087 L = mL 
24. 9sec = min 25. 17cm = m 
Perform the indicated operation and simplify. 
il 
5. 46,231 x 1100 6. a 
26. 2200 mi = km 27, 2000 mL = IL; 
4 3 9 
ido 0. Oe 2 = 
7 14.5 5 0.1 8. 2 5 3 10 
4 5 28. 0.23 mg = mcg 29. 12 yd? = tte 
9. 0.1)3.56 10. 35 = 23 


Cumulative Review: Chapters 1-8 529 


Solve. 


30. 


0.07+x = 10.535 31. x + 12,843 = 32,091 


Solve. 


34. 


35. 


36. 


37. 


38. 
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A mechanic spent thr changing a car’s oil, 5 hr rotating 
the tires, i hr changing the air filter, i hr adjusting the 
idle speed, and a hr checking the brake and transmis- 
sion fluids. How many hours did the mechanic spend 
working on the car? 


Milk Production. n September 2017, there were 
8.74 million dairy cows in the United States, each 
producing, on average, 1851 lb of milk per year. About 
how many pounds of milk are produced each year in 
the United States? 


Data: U.S. Department of Agriculture 


A driver filled the gas tank when the odometer read 
86,8972. At the next gasoline purchase, the odometer 
read 87,153.0. How many miles had been driven? 

The tank was filled with 16 gal. What was the gas 
mileage? 


Real Estate Commission. A real estate commission 
rate is 75 %. What is the commission on the sale of a 
property for $215,000? 


Compound Interest. A student invests $2000 in an 
account paying 6%, compounded semiannually. How 
much is in the account after 3 years? 


CHAPTERS Measurement 


39. 


40. 


41. 


Sundae’s Homemade Ice Cream & Coffee Co. 


A man ona diet loses 35 Ib in 2 weeks. At this rate, how 
many pounds will he lose in 5 weeks? 


A family has an annual income of $52,800. Of this, ¢ iS 
spent for food. How much does the family spend each 
year for food? 


Seed Production. The U.S. Department of Agriculture 
requires that 80% of the seeds that a company produces 
must sprout. To determine the quality of the seeds it 

has produced, a company plants 500 seeds. It finds that 
417 of the seeds sprout. Do the seeds meet government 
standards? 


Data: U.S. Department of Agriculture 


This 


company in Indianapolis, Indiana, makes ice cream, sorbet, 
and frozen yogurt. 


42. 


43. 


44, 


45. 


46. 


Synthesis 


Ice cream is packaged in 15-lb tubs. How many ounces 
are in one tub? 


Although the process is not perfect, Sundae’s attempts 
to have about 4 oz in each dip of ice cream. How many 
dips are there in a tub of ice cream? 


By weighing each tub, the owner can determine how 
many dips have been sold of that flavor. The weight of 
a tub changes from 15 Ib to 83 lb over a busy weekend. 
How many dips of ice cream were served from the tub? 


A one-dip ice cream cone sells for $2.99. If the entire 
contents of a tub of ice cream were used to make one- 
dip cones, how much money would be taken in from the 
sale of the whole tub? 


A two-dip ice cream cone sells for $4.05. If the entire 
contents of a tub of ice cream were used to make two- 
dip cones, how much money would be taken in from the 
sale of the whole tub? 


47. Ifris 2 of q, then q is what fractional part of r? 
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9.1 Perimeter 
9.2 Area 
9.3 Circles 


Mid-Chapter Review 
9.4 Volume 


9.5 Angles and Triangles 


9.6 Square Roots andthe 
Pythagorean Theorem 


Translating for Success 
Summary and Review 
Test 


Cumulative Review 


Geometry 


The Times Square Ball has been part of the New Year’s Eve celebration in New York 
City ever since 1907, except in 1942 and 1943, when World War II blackouts were 
observed. The current ball is an icosahedral geodesic sphere covered with 2688 
Waterford crystal triangles. The ball is illuminated by 32,256 Phillips Luxeon Rebel 
LEDs, 8064 of each color (red, blue, green, and white), which can create billions of 
colorful patterns. Starting at 11:59 p.m., the ball drops 141 ft (43 m) in 60 sec down 
a specially designed flagpole. 


DATA: timessquarenyc.org 


tN a Ww 


History of Times Square Ball el 

Made fron | Weight | iameter ri 
1907 
1920 
1955 


1998 


2008 


2009 


DATA: timessquarenyc.org 


We will calculate the volume of the Times Square Ball in Exercise 29 
of Exercise Set 9.4. 


STUDYING FORSUCCESS Make the Most of Your Homework 


{-} Double-check that you have copied each exercise correctly. 
{-] Check that your answers are reasonable. 


{| Include correct units with answers. 


Perimeter 


9.1 


OBJECTIVES 


fa] Find the perimeter of 
a polygon. 


b Solve applied problems 
involving perimeter. 


a FINDING PERIMETERS 


Multiply using mixed numerals. {3.6a] 
Multiply. 


1 2 
i, ZX B= 2.4 X 62 
3 5 


Answers: 1. ~ or 165 De, — or 25% 
VIDEO 
PERIMETER OF A POLYGON 


A polygon is a closed geometric figure with three or more sides. The 
perimeter of a polygon is the distance around it, or the sum of the 
lengths of its sides. 


Find the perimeter of each polygon. EXAMPLE 1 Find the perimeter of this polygon. 

1. 

5m 
11cm Accna 
4m 
9m 
2cm 2cm 
7cm cen 
6m 
2. 


We add the lengths of the sides. Since all units are the same, we add the 
numbers, keeping meters (m) as the unit. 
Perimeter = 6m+5m+4m+5m+9m 
=(6+5+4+5+9)m 
= 29m 


9.2 in. «@ Do Exercises 1 and 2. 


Answers 
1. 26cm 2. 46 in. 
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A rectangle is a polygon with four sides and four 90° angles. 


EXAMPLE 2 Find the perimeter of a rectangle that is 3 cm by 4 cm. The 
symbol | in the corner indicates an angle of 90°. 


| 


4cm 
(7 | 
<— 3 om — 


Perimeter = 3cm + 4cm+3cm+4cm 
=(3+4+3+4)cm= 14cm ® 


PERIMETER OF A RECTANGLE 


The perimeter of a rectangle is twice the sum of the length and the 
width, or 2 times the length plus 2 times the width: 


P=2-(1+w), or P=2+1 + 2+w. 


ee 


I 


EXAMPLE 3 Find the perimeter of a rectangle that is 7.8 ft by 4.3 ft. 
P=2-(1+ w) =2-(7.8ft + 4.3 ft) = 2+ (121 ft) = 242¢t 


Do Exercises 3-5. D 
A square is a rectangle with all sides the same length. 


EXAMPLE 4 Find the perimeter of a square whose sides are 9 mm long. 


9mm 


—— 9mm —~ 
P=9mm + 9mm+ 9mm + 9mm 
=(9+9+9+4+9)mm = 36mm 


Do Exercise 6. > 


PERIMETER OF A SQUARE 


The perimeter of a square is four times the length of a side: 


P=A4ss, 
|} 


3. Find the perimeter of a 
rectangle that is 2 cm by 4 cm. 


4cm 


4. Find the perimeter of a rect- 
angle that is 5.25 yd by 3.5 yd. 


pcs) 5. Find the perimeter of a 
rectangle that is 8 }in. by Sin. 


P=2-(1+w) 
= 2-(8}in. + in.) 
= 2-(13}in.) 


=2-—in, 


6. Find the perimeter of a square 
with sides of length 10 km. 


| 


10km 


<— 10 km —> 


Answers Fi 
3. 12cm 4.17.5 yd 5. 265 in. 
6. 40 km 


Guided Solution: 
5. 5,26 
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EXAMPLE 5 Find the perimeter of a square whose sides are 20 jin. long. 


| 


20 in. 


| 


7. Find the perimeter of a square 
with sides of length 5 ; yd. 


1 
P=4-s=4 a 
8. Find the perimeter of a square res 
with sides of length 7.8 km. _— 4. 161 = 4-161 
P=A4>ss 8 4-2 
4 161 1 
ue km = —-—— in. = 80=in. 
4 2 2 
= km 
Do Exercises 7 and 8. 
1) SOLVING APPLIED PROBLEMS 
EXAMPLE 6 Jaci is adding crown molding along the top of the walls of 
her rectangular dining room, which measures 14 ft by 12 ft. How many feet 
of molding will be needed? If the molding sells for $3.25 per foot, what will 
its total cost be? 
1. Familiarize. We make a drawing and let P = the perimeter. 
k 14 ft >| 
2. Translate. The perimeter of the room is given by 
P=2-(1+ w) = 2:-(14ft + 12 ft). 
3. Solve. We calculate the perimeter as follows: 
P=2-(14ft + 12 ft) = 2-(26ft) = 52 ft. 
9. A fence is to be built around a Then we multiply by $3.25 to find the cost of the crown molding: 
vegetable garden that measures : 
20 ft by 15 ft. How many feet of Cost = $3.25 X Perimeter = $3.25 x 52 ft = $169. 
fence yallbe meade) IE i uome 4. Check. The check is left to the student. 
sells for $2.95 per foot, what ; ; ; 
will the fencing cost? 5. State. The 52 ft of crown molding that is needed will cost $169. 
< Do Exercise 9. 
Answers 
7. 21yd 8. 31.2km 9. 70 ft; $206.50 
Guided Solution: 
8. 7.8, 31.2 
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FOR 
EXTRA © MyLab Math 
HELP 


Y Check Your Understanding 


Reading and Concept Check Complete each statement with the correct word from the following list. 
A word may be used more than once or not at all. 


closed perimeter rectangle 
open polygon square 
RC1. A polygon is a(n) figure with three or more sides. 


RC2. The distance around a polygon is its 


RC3. The formula P = 2-/ + 2:w gives the of a rectangle. 


RC4. The perimeter of a(n) is given by the formula P = 4-s. 


as Find the perimeter of each polygon. 


1 2. 3 yd 
4mm 6mm 1.2 yd 
1.2 yd 
3 yd 
7mm 
3. 4. 46 in. 


18 in. 


0.5 in. 


19 in. 


3.4km 
Each side 


1 
23 ft 


5.6 km 


Find the perimeter of each rectangle. 
7. 5 ft by 10 ft 8. 2.5 m by 100 m 


9. 3Syd by 45 yd 10. 34.67 cm by 4.9 cm 


Find the perimeter of each square. 
11. 22 ft ona side 12. 56.9 km on a side 


1 
13. 45.5 mm on a side 14. 3yyd on a side 
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db Solve. 


15. 


17. 


19. 


Skill Maintenance 


Most billiard tables are twice as long as they are wide. 
What is the perimeter of a billiard table that measures 
4.5 ft by 9 ft? 


A piece of flooring tile is a square with sides of 

length 30.5 cm. What is the perimeter of the piece of 
tile? 

A rain gutter is to be installed around the office building 
shown in the figure. 


a) Find the perimeter of the office building. 
b) If the gutter costs $4.59 per foot, what is the total cost 
of the gutter? 


i<———_ 46 ft | 


lon) 
ie) 


= 


Gutter 


<— 28 ft —> 


21. Find the simple interest on $600 at 6.4% for 
Syear. [6.7a] 

Evaluate. [1.9b] 

23. 10° 24. 18 

26. 22° i a 

Solve. 

29. Sales Tax. Inacertain state, a sales tax of $878 is 
collected when a car is purchased for $17,560. What 
is the sales tax rate? [6.6a| 

Synthesis 

31. If it takes 18 in. to make the bow, how much ribbon is 


536 


needed for the entire package shown here? 
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Geometry 


16. 


18. 


20. 


30. 


A rectangular posterboard is 61.8 cm by 87.9 cm. What is 
the perimeter of the board? 


The Plaza de Balcarce in Balcarce, Argentina, is a public 
square with sides of length 300 m. What is the perimeter 
of the square? 


Robbin plans to string lights around the lower level of 
the roof of the gazebo shown in the figure. 


a) If all sides of the roof are the same length, find the 
perimeter of the roof. 

b) How many 6-ft strands of lights will Robbin need to 
buy? 


>| 5.5 ft K 


22. 


Find the simple interest on $600 at 8% for 2 years. [6.7a] 


25. 152 


28. 4 


Commission Rate. Rich earns $1854.60 selling 
$16,860 worth of cell phones. What is the commission 
rate? [6.6b] 


. A carpenter is to build a fence around a 9-m by 12-m 


garden. 


a) The posts are to be 3 m apart. How many posts will 
be needed? 

b) The posts cost $8.65 each. How much will the posts 
cost? 

c) The fence will surround all but 3 m of the garden, 
which will be a gate. How long will the fence be? 

d) The fencing costs $3.85 per meter. What will the cost 
of the fencing be? 

e) The gate costs $69.95. What is the total cost of the 
materials? 
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a RECTANGLES AND SQUARES 


A polygon and its interior form a plane region. We can find the area of a 
rectangular region, or rectangle, by filling it in with square units. Two such 
units, a square inch and a square centimeter, are shown below. 


<< 1 in. —> 


EXAMPLE 1 What is the area of this region? 


We have a rectangular array. Since 
the region is filled with 12 square centi- 
meters, its area is 12 square centimeters 
(sq cm), or 12cm’. The number of units 
is3 X 4, or 12. 


Square 
centimeter 


4cm 


Do Exercise 1. > 


AREA OF A RECTANGLE 


The area of a rectangle is the product of the length / and the width w: 


Ww 


EXAMPLE 2 Find the area of a rectangle that is 7 yd by 4 yd. 


We have 
A=I-w=Tyd-4yd 
= 7-4-yd-yd = 28 yd’. 


We think of yd- yd as (yd)* and denote it yd”. Thus, we read “28 yd” as 


“28 square yards.” 


Do Exercises 2 and 3. > 


OBJECTIVES 
(a) Find the area of a rectangle 
and a square. 


b Find the area of a 
parallelogram, a triangle, 
and a trapezoid. 


ie Solve applied problems 
involving areas of rectangles, 
squares, parallelograms, 
triangles, and trapezoids. 


1. What is the area of this region? 
Count the number of square 
centimeters. 


2. Find the area of a rectangle 
that is 7 km by 8 km. 


3. Find the area of a rectangle 
that is 55 yd by 34 yd. 


Answers 3 
1. 8cm? 2. 56km? 3. 18, yd? 
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4. Find the area of a square with EXAMPLE 3 Find the area of a square with sides 
sides of length 12 km. of length 9 mm. 


A = (9mm) -(9 mm) 
= 9:-9-mm-mm 


= 81 mm” 


12km 


2 — 9 mm —> 
<@ Do Exercise 4. 


12km 


AREA OF A SQUARE 


5. Find the area of a square with 


saesoL aces ian The area of a square is the square of the length of a side: 


A=s-s, or A=S*. 
6. Find the area of a square with res : 
sides of length 34 yd. 
A=s-s : 
= 3} yd x yd l 
7 7 

= 5yd X syd 
_ i 2 28 EXAMPLE 4 Find the area of a square with sides of length 20.3 m. 
~ a 


= 1 ya? A =s+s = 20.3m X 20.3m = 20.3 X 20.3 X m X m = 412.09 mn” 


<@ Do Exercises 5 and 6. 


Db FINDING OTHER AREAS 


Calculate using fraction 


notation and decimal Parallelograms 
ee A parallelogram is a four-sided figure with two pairs of parallel sides, as 
meee shown below. 
1. 2 x 16.243 


3 
16 OS % = 
0.5, 8 


Answers: 2 
1k, BRIS) 24, LIES, @ir —= 
or 16 
VIDEO 


To find the area of a parallelogram, consider the one below. 


If we cut off a piece and move it to the other end, we get a rectangle. 


| b | | i | 


We can find the area by multiplying the length b, called a base, by h, called 
Answers 7 the height. 
4. 144km’ 5. 118.81m’ 6. aay 


Guided Solution: 
6. 34,12 
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AREA OF A PARALLELOGRAM 


The area of a parallelogram is the product of the length of the base b 


and the height h: 


A= beh. 
b 


EXAMPLE 5 Find the area of this parallelogram. 
A=b-h 
= 7km-5km 
= 35km 


| 7km | @ 


EXAMPLE 6 Find the area of this parallelogram. 


A=bD-h 
=12mxX6m 
= 72m 
WH 
1.2m 
Do Exercises 7 and 8. > 
Triangles 


A triangle is a polygon with three sides. To find the area of a triangle like 
the one shown on the left below, think of cutting out another just like it and 
placing it as shown on the right below. 


| b 


The resulting figure is a parallelogram whose area is 
beh. 


The triangle we began with has half the area of the parallelogram, or 


1 
_.beh. 
2 


AREA OF A TRIANGLE 


The area of a triangle is half the length of the base times the height: 


1 
A= 5° beh. hs 


b 


Find the area. 


le 
73cm 
8. 
WH 
2.25 km 
Answers 


7. 43.8cm’ 8. 12.375 km? 
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EXAMPLE 7 Find the area of this triangle. 


Find the area. A= 


So 
> 


oO 
B 
oN 
B 


NIP NIB 


\o 
oO 
i) 


| 
| 
B 


lI 
N 
a 


EXAMPLE 8 Find the area of this triangle. 


1 
—_ “h 
A 5) b 


= ; xX 6.25cem X 5.5cm 


= 5 x 11cm X cm 
= 0.5 X 11 X 3.4cm?2 = 0.5 X 6.25 X 5.5 cm? 


& eae = 17.1875 cm? 
<@ Do Exercises 9 and 10. 


Trapezoids 


A trapezoid is a polygon with four sides, two of which, the bases, are parallel 
to each other. 


{ \C}Z \ 


To find the area of a trapezoid, think of cutting out another just like it. 


a 


Then place the second one like this. 


a 


| b | a 


The resulting figure is a parallelogram whose area is 
h:(a+ b). The base is a + b. 


The trapezoid we began with has half the area of the parallelogram, or 


1 

2 . h . (a + b). 
Answers 

9. 96m? 10. 18.7 cm’ 


Guided Solution: 
10. 3.4, 18.7 
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AREA OF A TRAPEZOID 


The area of a trapezoid is half the product of the height and the sum of 
the lengths of the parallel sides (bases): 


a+b 


1 a 
A= zrh-(a + 5), or A= 5) oh. [fh \ 
b 


EXAMPLE 9 Find the area of this trapezoid. 


1 js —_ | 
A= z'h-(a + b) 
1 
= 5° 7em:(12 + 18) cm 
2 bs 8 18 cm 
1-2 
cee 
2 1 
= 105 cm 


Do Exercises 11 and 12. D> 


ie) SOLVING APPLIED PROBLEMS 


EXAMPLE 10 Mosquito Netting. Malaria is the leading cause of 
death among children in Africa. Insecticidal bed nets prevent malaria 
transmission by creating a protective barrier against mosquitoes at night. 
In November 2006, the United Nations Foundation, the United Methodist 
Church, and the National Basketball Association launched the Nothing 
But Nets campaign to distribute mosquito netting in Africa. In 2000, only 
2% of the people in sub-Saharan Africa were protected by nets. By 2016, 
the percent with nets had increased to 53%. A medium-sized net measures 
approximately 9.843 ft by 8.2025 ft. A large-sized net measures approxi- 
mately 13.124 ft by 8.2025 ft. Find the area of each net. How much larger is 
the area of the large net than that of the medium net? 
Data: www. nothingbutnets.net; unfoundation.org 

We find the area of each net using the area formula A = /- w and substi- 
tuting values for / and w. Then we subtract the area of the medium net from 
the area of the large net. 


Area of Medium Net Area of Large Net 

A=IxXw A=I1IxXw 

A = 9.843 ft X 8.2025 ft A = 13.124 ft < 8.2025 ft 

A =~ 80.74 ft? A ~ 107.65 ft? 

Area of large net — Area of medium net = 107.65 ft? — 80.74 ft? 
= 26.91 ft? 


The area of the large net is approximately 26.91 ft? larger than that of the 
medium net. a 


Find the area. 
11. 7m 


12. 


11cm 


10cm 


Answers 
11. 100m? 12. 88 cn’ 
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13. Find the area of this kite. 


<— 8 in.>;<-8 in. >| 


Answer 
13. 228 in 


EXAMPLE 11 Lucas Oil Stadium. The retractable roof of Lucas Oil 
Stadium, the home of the Indianapolis Colts football team, divides length- 
wise. Each half measures 588 ft by 160 ft. The roof opens and closes in 
approximately 9-11 min. The opening measures 300 ft across. What is the 
total area of the retractable roof? What is the area of the opening? 


Each half of the retractable roof is a rectangle that measures 588 ft by 
160 ft. The area of a rectangle is length times width, so we have 
A=I-w 
= 588 ft x 160 ft 
= 94,080 ft”. 
The total area of the two halves of the retractable roof is 


Total area = 2 X 94,080 ft 
= 188,160 ft”. 
When the retractable roof is open, the dimensions of the opening are 588 ft 
by 300 ft. The area of this rectangle is 
A=I-w 
588 ft < 300 ft 
176,400 ft”. 


When the roof is open, the area of the opening is 176,400 ft”. 
« Do Exercise 13. 


FOR 
HELP 


UY Check Your Understanding 


Reading Check Complete each statement with the correct phrase from the list on the right. 


RC1. The area of a square is 


a) half the length of the base times the height 


RC2. The area of a rectangle is 


RC3. The area of a triangle is 


b) the square of the length of a side 


c) the product of the length and the width 


RC4. The area of a trapezoid is 
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d) half the product of the height and the sum of the lengths 


of the bases 
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Concept Check Illustrate the area of the rectangle that has the given dimensions by dividing the figure into square 
units. Then determine the area by counting the number of square sections. 


CC1. CC2. 


5cm 


LS ft 


0.7 in. 
LS ft 


24 yd 
35 mi 
Find the area of each rectangle. 
9. 5 ft by 10 ft 10. 14 yd by 8 yd 11. 34.67 cm by 4.9 cm 
2. Ds 1. Dees 
12. 2.45 km by 100 km 13. 43 in. by 85 in. 14. INS mi by 05 mi 
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Find the area of the square. 
15. 22 ft on a side 


18. 45.5 m ona side 


Db Find the area. 
: y 
24. 


lk 
| 


8cm s 
Syd 


10 yd | 
275 4.5 in. 
8.5 in. 
30. 16cm 


35 cm 


25 cm 
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16. 18 yd ona side 


19. 5 yd on a side 


25. 6 ft 


20 ft 


28. 


31. 9cm 


lk 


24cm >| 


17. 56.9 km on a side 


2 
20. 13 ft on a side 


le 15in. >| 


26. 


le 2.3 | 


32. 


12 
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37. 


39. 


le _4m— +] 


i Solve. 


35. 


Area of a Lawn. A lot is 40 m by 36 m. A house 27 m 
by 9 mis built on the lot. How much area is left over for 
a lawn? 


For a performance at an outdoor event, a folk music 
group rented a triangular tent. The base of the tent was 
20 ft and the height was 17; ft, and it was placed in a 
corner of a small park that measured 200 ft by 200 ft. 
Approximately how much of the park space was left for 
the audience. 


36. Area of a Field. A field is 240.8 m by 450.2 m. A 


rectangular area that measures 160.4 m by 90.6 m 
is paved for a parking lot. How much area is 
unpaved? 


. Becky’s rectangular swimming pool measures 27 ft by 


14.6 ft. She likes to relax while floating on an inflatable 
mattress, which measures 6.5 ft by 2.75 ft. What area of 
the pool is left around her for her nieces and nephews to 
play in? 


200 ft 


Area of a Sidewalk. Franklin Construction Company 
builds a sidewalk around two sides of a new library, as 
shown in the figure. 


a) What is the area of the sidewalk? 

b) The concrete for the sidewalk will cost the library 
$12.50 per square foot. How much will the concrete 
for the project cost? 


. Maravene is planning a wildflower border around three 


sides of her backyard, as shown in the figure. She will 
use wildflower mats to seed the border. Each mat covers 
7.5 ft? and costs $4.99. 


60 ft 


a) What is the area of the border? 

b) How many wildflower mats will Maravene need to 
complete the job? 

c) What will be the total cost of the wildflower 
mats? 
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41. Painting Costs. A roomis 15 ft by 20 ft. The ceilingis 42. Carpeting Costs. A restaurant owner wants to carpet a 


8 ft above the floor. There are two windows in the room, 15-yd by 20-yd room. 

each 3 ft by 4 ft. The door is 2} ft by 65 ft. a) How many square yards of carpeting are 

a) What is the total area of the walls and the needed? 
ceiling? b) The carpeting she wants is $28.50 per square yard, 

b) A gallon of paint will cover 360.625 ft”. How many including installation. How much will it cost to carpet 
gallons of paint are needed for the room, including the room? 


the ceiling? 
c) Paint costs $34.95 a gallon. How much will it cost to 
paint the room? 


Find the area of the shaded region in each figure. 


43. 44, 
11mm 
<M 12.5 mm ——> 
4cm 


Each side 4 cm 


45. Zz 46. iy Bind, Bia 
a 
30 cm | 
Y lL 12in. >| 


lk 30 cm s| 


47. Each small triangle has a 48. 


<7 height and a base of 1 cm. 
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49. Triangular Sail. Jane’s Custom Sails is making a 50. Building Area. Find the total area of the sides and the 
custom sail for a Laser sailboat. From a rectangular piece ends of the building. 
of dacron sailcloth that measures 18 ft by 12 ft, Jane cuts 
out a right triangular area plus a rectangular extension 
on each side for the hems, with the dimensions shown 
below. How much fabric (area) is left over? 


I< 12 ft —— 


A 
Skill Maimtemance ccc ccc cece cence este nseesteseseiesiseisiasisiesissisissisiesississsisetisnsieeseeeees 
Complete. [8.1a], [8.2a] 
51. 23.4cm = mm 52. 0.23km = m 53. 28 ft = in. 
54. 72 ft = yd 55. 72.4cm = m 56. 72.4m = km 
57. 70 yd = in. 58. 31,680 ft = ——_____ smi 59. 84ft = yd 
60. 7+yd = ft 61. 144in. = ft 62. 0.73 mi = in. 


Interest is compounded semiannually. Find the amount in the account after the given length of time. Round to the 
nearest cent. [6.7b] 


| | Principal _| Rate of Interest Amount in the Account 
63. 


$25,000 4% 5 years 
64. $150,000 32% 15 years 
65 $63,000 2.4% 20 years 
66. $160,000 5% 20 years 
SPAM NUE SU ge setae aac nce es neg SDs nctgs cation ttn tt nnd etna a a aad nee cam eee Ge ehslon 
67. Find the area, in square inches, of the shaded region. 68. Find the area, in square feet, of the shaded region. 
11 in. 
2 ft, 2 in. 
ft 
10 in. L Vv 


12.5:ft 
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9.3 


OBJECTIVES 
(a) Find the length of a radius of G2) Multiply and simplify using fraction notation. {2.6a] 


a RADIUS AND DIAMETER 


a circle given the length of a Multiply and simplify. 

diameter, and find the length 1 op) 

of a diameter given the length Le 6 as a a 

of a radius. Answers: 1. Z 2. 66 
Find the circumference of a : 
circle given the length of a MIDEO 


diameter or a radius. = 
Shown below is a circle with center O. Segment AC is a diameter. A diameter 


is a segment that passes through the center of the circle and has endpoints 
on the circle. Segment OB is called a radius. A radius is a segment with one 
endpoint on the center and the other endpoint on the circle. 


Find the area of a circle given 
the length of a diameter ora 
radius. 


Solve applied problems 


involving circles. 
iS 
A 


DIAMETER AND RADIUS 


Suppose that d is the length of a diameter of a circle and r is the 
length of a radius. Then 


d 
d=2-r and pay 


EXAMPLE 1 Find the length of a radius of this circle. 


1. Find the length of a radius. 


d 
r=— 
2 
1 
2 
Cw The radius is 6 m. @ 


EXAMPLE 2 Find the length of a diameter of this circle. 


2. Find the length of a diameter. =2-r 
1 1 
=2--ft = -ft 
4 2 
The diameter is 5 ft. 


< Do Exercises 1 and 2. 


Answers 
1.10m 2. 5ft 
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5) CIRCUMFERENCE 


The circumference of a circle is the distance around it. Calculating the 
circumference is similar to finding the perimeter of a polygon. 

To find a formula for the circumference C of any circle given its diameter 
d, we consider the ratio C/d. Take a dinner plate and measure the circumfer- 
ence C with a tape measure. Also measure the diameter d. The results for a 
specific plate are shown in the figure below. 


K————. d = 10.75 in. —————_}] 


Finding the ratio, we have 


CC 33.7in. | 


d 10.75in. 


Suppose we do this with plates and circles of several sizes. We get dif- 
ferent values for C and d, but always a number close to 3.1 for C/d. For any 
circle, if we divide the circumference C by the diameter d, we get the same 
number. We call this number 7 (pi). The exact value of the ratio C/d is 7; 
3.14 and 22/7 are approximations of 7. If C/d = 7, then C = w-d. 


CIRCUMFERENCE AND DIAMETER 


The circumference C of a circle of diameter d is given by 


C=a7-d. 


The number 7 is about 3.14, or about = 


EXAMPLE 3 Find the circumference of this circle. Use 3.14 for 7. 


C=7-d 
3.14 X 6cm 
= 18.84 cm 
The circumference is about 18.84 cm. 


N 


Do Exercise 3. > 


3. Find the circumference of the 
circle. Use 3.14 for 7. 


C=7:d 
=~ 3.14 x 
= in. 
Answer 
3. 56.52 in. 
Guided Solution: 
3. 18, 56.52 
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in. 
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The [7] Key Many 
calculators have a|7| key that can 
be used to enter the value of 7 in 
a computation. Results obtained 
using the [7] key might be slightly 
different from those obtained 
when 3.14 is used for the value of 
a in a computation. 


When we use the |7z| key to 
find the circumference of the circle 
in Example 3, we get a result of 


approximately 18.85. Note that 
this is slightly different from the 
result found using 3.14 for the 
value of 7. 


EXERCISES: 

1. Use a calculator with a [7] 
key to perform the compu- 
tations in Examples 4 and 5. 

2. Use a calculator with a [7] 
key to perform the computa- 
tions in Margin Exercises 3-5. 


4. Find the circumference of this 
circle. Use # for a. 


5. Find the perimeter of this 
figure. Use 3.14 for 7. 


3.2 yd 


Tyd 


Answers 
4. 88m 5. 34.296 yd 
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Since d = 2+r, where r is the length of a radius, it follows that 


C=am:d=7:(2'r), or 2:a7°r. 


CIRCUMFERENCE AND RADIUS 


The circumference C of a circle of radius 7 is given by 


C=2°amer. 


EXAMPLE 4 Find the circumference of this circle. Use 7 for 7. 
C=2:m-r 


22 
2°—>-70 in. 
. in 


N 


= ees 
7 

= 44-10in. 

= 440 in. 


The circumference is about 440 in. oC 


EXAMPLE 5 Find the perimeter of this figure. Use 3.14 for z. 


9.4km 47 km 


Lay ae 


We let P = the perimeter. We see that we have half a circle attached to 
a square. Thus, we add half the circumference of the circle to the lengths of 
the three sides of the square. 


Length of Half of the 
P = three sides + circumference 
of the square of the circle 


1 
BR a 


= 28.2km + 3.14 x 4.7km 
= 28.2km + 14.758 km 
= 42.958 km 


The perimeter is about 42.958 km. 


<@ Do Exercises 4 and 5. 


(©) AREA 


To find the area of a circle of radius r, think of cutting half the circular region 
into small pieces and arranging them as shown below. 


cu 


Then imagine cutting the other half of the circular region and arranging the wse---- eee Caution! «ee 


pieces in with the others as shown below. : . 
Remember that circumference is 


always measured in linear units 
r like ft, m, cm, yd, and so on. But 
area is measured in square units 


ay like ft?, m’, cm’, yd, and so on. 


This is almost a parallelogram. The base has length 5. 2¢a-r, or wer (half 
the circumference), and the height is r. Thus, the area is 


(wer) +r. 


AREA OF A CIRCLE 


The area of a circle with radius of length r is given by 


Az=aerer, or A=@er’. G@ 
)cs) 6. Find the area of this circle. Use 


22 
= for 7. 


EXAMPLE 6 Find the area of this circle. Use # for 7. 


A=7rr 


ad = 14cm 14em 
= 1196 em? eee 
7 ae aii km 
= 616 cm* = 2.25 km? 
The area is about 616 cm’. 8 = 3 km? 
= $+ km? 


EXAMPLE 7 Find the area of this circle. Use 3.14 for 7. Round to the 
nearest hundredth. 
The diameter is 4.2 m; the radius is 4.2m + 2, or 2.1 m. 7. Find the area of this circle. 
Use 3.14 for 7. Round to the 


A=7'r'r nearest hundredth. 


= 3.14 X 21m X 2.1m 
3.14 X 4.41 m? 

= 13.8474 m?’ 

13.85 m2 


The area is about 13.85 m”. 


u 


Do Exercises 6 and 7. > 
Answers 


4 
6. 78 km’ 7. 339.62 cm? 


Guided Solution: 
6. 5, 78 
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ds SOLVING APPLIED PROBLEMS 


EXAMPLE 8 Areas of Cake Pans. Tyler can make either a 9-in. round 
cake or a 9-in. square cake for a party. If he makes the square cake, how 
much more area will he have on the top for decorations? 


The area of the square is 


A =s-s =9in. X Yin. = 81 in’. 


8. Which is larger and by how The diameter of the circle is 9 in., so the radius is 9 in./2, or 4.5 in. The area 
much: a 10-ft-square flower of the circle is 
bed or a 12-ft-diameter round 
flower hed? A=arr =~ 3.14 X 4.5in. X 4.5in. = 63.585 in’. 
The area of the square cake is larger by about 

Answer 81 in? — 63.585in?, or 17.415 in2. 

8. 12-ft-diameter round flower bed, by 

about 13.04 ft? < Do Exercise 8. 


FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Complete each statement with the correct word from the list on the right. 
A word may be used more than once or not at all. 


RC1. The of a circle is half the length of its diameter. area 
circumference 

RC2. The of a circle is found by multiplying its diameter ; 

by 7. diameter 

; ; bk eh: : radius 

RC3. The of a circle is found by multiplying its radius 

by 27. 
RC4. The of a circle is found by multiplying the square 


of its radius by 7. 


Concept Check Select from choices (a)-(d) the closest approximation of the circumference of the 
circle that has the given diameter or radius. 


CCl. d = 12 in. CC2. r= 45m 
a) 3.768 in. b) 18.84 in. a) 28.26 m b) 14.13 m 
c) 3768 in. d) 188.4 in. c) 1.413 m d) 282.6m 
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&. i). eal For each circle, find the length of a diameter, the circumference, and the area. Use a for 7. 
| ¢ | (7) | a | ¢& 
For each circle, find the length of a radius, the circumference, and the area. Use 3.14 for 7. 


da Solve. Use 3.14 for 7. 


9. Pond Edging. Quiet Designs plans to incorporate a 10. Gypsy-Moth Tape. To protect an elm tree in your 
circular pond with a diameter of 30 ft in a landscape backyard, you decide to attach gypsy moth caterpillar 
design. The pond will be edged using stone pavers. tape around the trunk. The tree has a 1.1-ft diameter. 
How many feet of pavers will be needed? What length of tape is needed? 


11. Areas of Pizza Pans. How much larger is a pizza 12. Penny. A penny has a 1-cm radius. What is its 
made in a 16-in.-square pizza pan than a pizza made in diameter? its circumference? its area? 
a 16-in.-diameter circular pan? 
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13. Earth. The circumference of the earth at the equator 
is 24,901 mi. What is the diameter of the earth at the 
equator? the radius? 


15. Circumference of a Baseball Bat. In Major League 
Baseball, the diameter of the barrel of a bat cannot be 
more than 2} in., and the diameter of the bat handle 
cannot be less than is in. Find the maximum circumfer- 
ence of the barrel of a bat and the minimum circumfer- 
ence of the bat handle. Use for 7. 


Data: Major League Baseball 


Minimum diameter 
of bat handle: 8 in. 


Maximum diameter 
of barrel of bat: 23 in. 


17. Swimming-Pool Walk. You want to install a 
1-yd-wide walk around a circular swimming pool. The 
diameter of the pool is 20 yd. What will the area of the 
walk be? 


Find the perimeter of each figure. Use 3.14 for a. 
19. 


Geometry 
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14. Dimensions of a Quarter. The circumference of a 
quarter is 7.85 cm. What is the diameter? the radius? 
the area? 


16. Trampoline. The standard backyard trampoline has a 
diameter of 14 ft. What is its area? 


Data: International Trampoline Industry Association, Inc. 


bi hen 


pzegeeeeey7 


Winn at 


18. Roller-Rink Floor. A roller-rink floor is shown below. 
Each end is a semicircle. What is the area of the floor? 
If hardwood flooring costs $32.50 per square meter, how 
much did the flooring cost? 


< 20 m 


20. 


Copyright © 2019 Pearson Education, Inc. 


si l. 8 in. | 8 in. Le 8 in. | 8 in. | 


4yd 


23. f 24. —K 
10 yd 
12.8 cm 
= 10 yd -_ __v 


Find the area of the shaded region in each figure. Use 3.14 for z. 


a ‘@ 


[ 
L 


les 11.4 in. = 
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SKA Maite mane oii cccccccccccccecccccceccesceccsececseceeessecsevecsecsevstsvesvasesessvstavsevstvatssvssvatsevitvstvevsteeteevee. 


31. Gas Mileage. A 2017 Honda Civic Si Coupe can 32. The ratio of gold to other metals in 18K gold is 
travel 456 mi on 12 gal of gasoline. What is the rate in 18 to 6. If an 18K gold ring contains 1.2 oz of 
miles per gallon? [5.2a] gold, what amount of other metals does the ring 


in? 
Data: Car and Driver, August 2017 contain? [5.4a] 


33. The weight of a human brain is 2.5% of total body 34. Jack’s commission is increased according to how much 
weight. A person weighs 200 lb. What does the he sells. He receives a commission of 6% for the first 
person’s brain weigh? [6.5a] $3000 and 10% on the amount over $3000. What is the 


total commission on sales of $8500? [6.6b] 


SOI BENS eens tetapesssanencesgn cient ete ect tnuat nese gant tect aceon are titnetionamet aca dune ha taeda ease aseataoenainanie® 


Comparing Perimeters and Fencing Costs. An acre is a unit of area that is defined to be 43,560 ft”. A farmer needs 
to fence an acre of land. She is using 32-in. fencing that costs $149.99 for a 330-ft roll. Complete the following table for 
Exercises 35-39 and then use the data to answer Exercise 40. Use 3.14 for 7. 


Perimeter or Cost of 
Circumference Fencing 
35. 


580.8 ft 


208.71 ft 


208.71 ft 


40. Which dimensions of the acre yield the fence with (a) the shortest perimeter? (b) the least area? (c) the lowest cost and the 
largest area? 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. The area of a square is four times the length of a side. [9.2a] 


2. The area of a parallelogram with base 8 cm and height 5 cm is the same as the area of a rectangle 
with length 8 cm and width 5cm._ [9.2a, b| 


3. The area of a square that is 4 in. on a side is less than the area of a circle whose radius is 
4in. [9.2a], [9.3c] 


4. The perimeter of a rectangle that is 6 ft by 3 ft is greater than the circumference of a circle whose 
radius is3 ft. [9.1a], [9.3b] 


5. The exact value of the ratio C/dis a. [9.3b] 


Guided Solutions 


pcs) Fill in each blank with the number that creates a correct solution. 
6. Find the perimeter and the area. [9.1a], [9.2a] 


10 ft 
P=2:(1+ w) A=l-w 
P=2-( if) (ft) -— 
P=2-( itt) = ft ft 
P= it Aa: 


7. Find the area. [9.2b] 


1 
A==—=*beh 
2 
il 
A cm: cm 
A= 5 cm 
— al 
A= em "Ole cm 


8. Find the circumference and the area. Use 3.14 for 7. [9.3b, c] 


C= 7-d A=T-rr 
C= ° in, A= in.- ~~ in. 
= in A= in 
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Mixed Review 


9. 


Find the area. 


12. 


Find the perimeter. 


23 mm 


[9.1a] 
area. 


15mm 


13 mm 


[9.2b] 


13. 9km 


il 


13 km 


3 ya 


10. Find the perimeter and the 
[9.1a], [9.2a] 


11. Find the area. 


[9.2b] 


Find the circumference and the area. Use 3.14 
[9.3b, c] 


for 77. 
14. 


UE 


16. Matching. Match each item in the first column with the appropriate item in the second column by drawing 
connecting lines. Some expressions in the second column might be used more than once. Some expressions might 


not be used. [9.1a], [9.2a, b], [9.3b, c] 


Area of a circle with radius 4 ft 
Area of a square with side 4 ft 


Circumference of a circle with radius 4 ft 
Area of a rectangle with length 8 ft and width 4 ft 
Area of a triangle with base 4 ft and height 8 ft 


Perimeter of a square with side 4 ft 


Perimeter of a rectangle with length 8 ft and width 4 ft 


Understanding Through Discussion and Writing 


17. 


19, 


Explain why a 16-in.-diameter pizza that costs $16.25 
is a better buy than a 10-in.-diameter pizza that costs 
$7.85. [9.3d] 


The length of a side of a square is 5 the length of a side 
of another square. Is the perimeter of the first square 5 
the perimeter of the other square? Why or why 


not? [9.1a] 


21. Explain how the area of a triangle can be found by 
considering the area of a parallelogram. [9.2b] 
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18. 


20. 


22. 


24 ft 

16 ft 

16+ ar ft? 
8+ a ft? 
Butte 
4-7 ft 
8-7 ft 
64 ft 

16 ft? 


The length and the width of one rectangle are each three 
times the length and the width of another rectangle. Is 
the area of the first rectangle three times the area of 
the other rectangle? Why or why not? [9.2a] 


For a fellow student, develop the formula for the 
perimeter of a rectangle: 


P=2:(1+ w) =2-1+2-w. [91a] 


The radius of one circle is twice the length of that of 
another circle. Is the area of the first circle twice the 
area of the other circle? Why or why not? [9.3c| 
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STUDYING FORSUCCESS Your Textbook as a Resource 


(-) Study any drawings. Observe details in any sketches or graphs that accompany the explanations. 
{-] Note the careful use of color to indicate substitutions and highlight steps in a multi-step solution. 


9.4 


(@) RECTANGULAR SOLIDS emia OBJECTIVES 


ANIMATION 


Volume 


The volume of a rectangular solid is the number of unit cubes needed to fill it. (a) Pa teewalnnaceara 


rectangular solid using the 
formula V = l-w-h. 


b Given the radius and the 
height, find the volume of a 


Volume = 18 circular cylinder. 


Given the radius, find the 
volume of a sphere. 


fe) 
da Given the radius and the 
e 


Two unit cubes used to measure volume are shown below. 


lin. 


height, find the volume of a 


| 

| 

1 cubic circular cone. 

H inch (in) . 

| Solve applied problems 

q involving volumes of 

1 cubic rectangular solids, circular 


| 
| 
es : ‘ 
P centimeter (cm?) cylinders, spheres, and cones. 


1. Find the volume. 


The figure is made up of 2 layers of 12 cubes each, so its volume is 24 
cubic centimeters (cm*). 


Do Exercise 1. > 


Answer 
1. 12 cm 
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2. Carry-on Luggage. The 
largest piece of luggage that 
you can carry on an airplane 
measures 23 in. by 10 in. by 
13 in. Find the volume of this 
solid. 


iin 
in. 


{ 


a 


1 


Ww 


23 in. 


eee in” 


3. Cord of Wood. Accord of 
wood measures 4 ft by 4 ft by 
8 ft. What is the volume of a 
cord of wood? 


>| 


8 ft 


Multiply using decimal 
notation. [4.3a] 
1. 142 2. 3.07 

x 5.6 25 


Answers: 1. 79.52 
MyLab Math 
VIDEO 


2. 7.675 


Answers 
2. 2990 in? 3. 128 ft? 
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VOLUME OF A RECTANGULAR SOLID 


The volume of a rectangular solid is found by multiplying length by 
width by height: 


V=I[-weh. : 


EXAMPLE2 Volume ofaSafety Deposit Box. Triciarentsasafety deposit 
box at her bank. The dimensions of the box are 18 in. X 10.5in. X 5 in. Find 
the volume of this rectangular solid. 
V=I-we-h 
= 18in. X 10.5in. X Sin. 
= 945 in? 


10.5 in. 


18 in. 


<« Do Exercises 2 and 3. 


(B) cvtinpers 


A rectangular solid is shown below. Note that we can think of the volume as 
the product of the area of the base times the height: 


V=I-weh h 
= (I-w)h , | ro 
= (Area of the base) -h of Ba oe 
base 
= B-h, : 


where B represents the area of the base. 
Like rectangular solids, circular cylinders have bases of equal area that 
lie in parallel planes. The bases of circular cylinders are circular regions. 


The volume of a circular cylinder is found in a manner similar to the way 
the volume of a rectangular solid is found. The volume is the product of the 
area of the base times the height. The height is always measured perpendicu- 
lar to the base. 


VOLUME OF A CIRCULAR CYLINDER 


The volume of a circular cylinder is the product of the area of the 
base B and the height h: 


V=B-h, or VE aer'ch. 


EXAMPLE 3 Find the volume of this circular cylinder. Use 3.14 for 7. 
V=B-h=a-r'+h 
= 3.14 X 4cm X 4cm X 12cm 
602.88 cm? 


12cm 


22 
EXAMPLE 4 Find the volume of this circular cylinder. Use — for 7. 


7 
V=B-h=a-r-+h 
22 l42yd 
7 xX 6.8 yd X 6.8yd X 11.2 yd = - 


1627.648 yd? 6.8 yd 


N 


Do Exercises 4 and 5. > 


(© SPHERES 


A sphere is the three-dimensional counterpart of a circle. It is the set of all 
points in space that are a given distance (the radius) from a given point (the 
center). 


We find the volume of a sphere as follows. 


VOLUME OF A SPHERE 


The volume of a sphere of radius 7 is given by 


4 
V= ae: 


Gs) 4. Find the volume of the 
cylinder. Use 3.14 for 7. 


V=q-r-h 


10 ft 


= 3.14 x 5ft xX 5ft x ft 
= 3.14 x 250 ft3 


ft? 


5. Find the volume of the 


cylinder. Use ¥ for 7. 


Answers 


4. 785 ft? 5. 67,914 om? 


Guided Solution: 
4. 10, 785 
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6. Find the volume of the sphere. 


Use = for 7. 


V=hemr 
=4ix2x( ft) 
=tx?x ft? 
= Eas 
- att 


7. The radius of a standard-sized 
golf ball is 2.1 cm. Find its 
volume. Use 3.14 for 7. 


8. Find the volume of this cone. 
Use 3.14 for 7. 


9m 


9. Find the volume of this cone. 
Use # for 7. 


14 in. 


Answers 
6. 91,989 ft" 7. 38.77272 cm? 
8. 1695.6m° 9. 528 in’ 


Guided Solution: 
6. 28, 21,952, 91,989 
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EXAMPLE 5 Bowling Ball. The radius of a standard-sized bowling ball 
is 4.2915 in. Find the volume of a standard-sized bowling ball. Round to the 
nearest hundredth of a cubic inch. Use 3.14 for 7. 


We have 


V =$-aer? ~ $x 3.14 X (4.2915 in.)? 
~ 330.90 in’. Using a calculator 


<< Do Exercises 6 and 7. 


(@) cones 


Consider a circle in a plane and choose any point P not in the plane. The 
circular region, together with the set of all segments connecting P to a point 
on the circle, is called a circular cone. The height of the cone is measured 
perpendicular to the base. 


Base 


We find the volume of a cone as follows. 


VOLUME OF A CIRCULAR CONE 
The volume of a circular cone with base radius r is one-third the 
product of the area of the base and the height: 


1 1 
V= ge = Ome a 


EXAMPLE 6 _ Find the volume of this circular cone. Use 3.14 for 7. 


= feaer?+h 
= 3X 3.14 x 3cm X 3cm X 7cm 7cm 
= 65.94 cm? 

ae 


«@ Do Exercises 8 and 9. 


e SOLVING APPLIED PROBLEMS 


EXAMPLE 7 Propane Gas Tank. A propane gas tank is shaped like a 
circular cylinder with half of a sphere at each end. Find the volume of the 
tank if the cylindrical section is 5 ft long with a 4-ft diameter. Use 3.14 for 7. 


1. Familiarize. We first make a drawing. 


2. Translate. This is a two-step problem. We first find the volume of the 
cylindrical portion. Then we find the volume of the two ends and add. 
Note that together the two ends make a sphere with a radius of 2 ft. We 


have 
Total Volume of Volume of 
volume is the cylinder plus the sphere 


yO | 
V = mereh + semen 


where V is the total volume. Then 


4 
V =~ 3.14-(2ft)?-S ft + 3314 (2m). 


3. Solve. The volume of the cylinder is approximately 


3.14-(2ft)?-5 ft = 3.14-2ft-2ft-5ft 
= 62.8 ft?. 


The volume of the two ends is approximately 
4 34 
3 14: (2 ft) = ge ei IP eh 


= 33.5 ft?. 
The total volume is about 
62.8 ft? + 33.5 ft? = 96.3 ft?. 


4. Check. We can repeat the calculations. The answer checks. 
5. State. The volume of the tank is about 96.3 ft°. 
Do Exercise 10. D> 


10. Medicine Capsule. A cold 
capsule is 8 mm long and 4 mm 
in diameter. Find the volume 
of the capsule. Use 3.14 for 7. 
(Hint: First find the length of 
the cylindrical section.) 


Answer 
10. 83.73 mm? 
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S Check Your Understanding 


Reading Check Match each formula with the correct phrase from the list on the right. 


RC1. V=I-weh a) the volume of a cylinder 

RC2. ee, b) the volume of a rectangular solid 
c) the volume of a sphere 

RC3. Va “ awn d) the volume of a cone 

RC4, OV = 7 rch 


Concept Check Select from choices (a)-(d) the closest approximation of the volume of the rectangular solid 
that has the given dimensions. 


CCL 7 = 101t w = 5.6it, h = 1008 CC2. / = 0.21m, w = 100cm, h = 10m 
a) 56 ft® b) 600 ft° a) 210,000 cm? b) 2,000,000 cm 
c) 6000 ft? d) 56,000 ft? c) 2m3 d) 20m 


a Find the volume of the rectangular solid. 


2. 


0.6m 


0.6m 
0.6m 


2.04 cm 
3.5 ft 


10m 
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10 yd 


10. - u. 


14. 


40 cm 


28m 
300 yd 


fe Find the volume of the sphere. Use 3.14 for 7 in Exercises 15-18 and round to the nearest hundredth in Exercises 17 
and 18. Use + for 7 in Exercises 19 and 20. 


15. 17. 


16. 
r = 200 ft 
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18. 19. 20. 


3 : 
r= 7; ft r=23in. 


d = 30.4cm 


dad Find the volume of the circular cone. Use 3.14 for 7 in Exercises 21, 22, and 26. Use ¥ for 7 in Exercises 23, 24, and 25. 
22. 23. 


100 ft 


25. 26. 


e Solve. 


27. Oak Log. An oak log has a diameter of 12 cm and a 28. Gas Pipeline. The 638-mi Rockies Express—East pipeline 
length (height) of 42 cm. Find the volume. Use 3.14 from Colorado to Ohio was constructed with 80-ft sections 
for 7. of 42-in., or 3 +-ft, steel gas pipeline. Find the volume of one 


section. Use for 7. 


Data: Rockies Express Pipeline 


29. Times Square Ball. ‘The current Times Square Ball, 30. Architecture. The largest sphere in the Oriental 
located in New York City’s Times Square, is an icosahe- Pearl TV tower in Shanghai, China, measures 50 m in 
dral geodesic sphere with a diameter of 12 ft. Find the diameter. Find the volume of the sphere. Use 3.14 
approximate volume of the sphere. Use 3.14 for 7, and for 77, and round to the nearest cubic meter. 


round to the nearest cubic foot. Dataamenpaneden 


Data: timessquarenyc.org 
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31. 


33. 


35. 


37. 


39. 


Volume of a Candle. Find the approximate volume 
of a candle that is a circular cone. The diameter of the 
base of the candle is 4.875 in., and the height is 12.5 in. 
Use 3.14 for z. 


Precious Metals. If all the gold in the world could be 
gathered together, it would form a cube 18 yd on a side. 
Find the volume of the world’s gold. 


Architecture. The Westhafen Tower in Frankfort, 
Germany, is a cylindrical building with a height of 
110 m and a radius of 21 m. Find the volume of the 
building. Use 3.14 for 7. Round to the nearest cubic 
meter. 


32. 


34. 


36. 


Culinary Arts. Raena often makes individual 


soufflés in cylindrical baking dishes called ramekins. 
The diameter of each ramekin is 3.5 in., and the height 
is 1.75 in. Find the approximate volume of a ramekin. 
Use 3.14 for a. 


Containers. Medical Hope collects medical supplies 
and ships them to areas of the world that have been 
damaged by storms or earthquakes. The containers in 
which the supplies are shipped measure 6 ft by 5 ft by 
4.8 ft. Find the volume of a container. 


Roof of a Turret. The roof of a turret is often in 
the shape of a circular cone. Find the volume of this 
circular cone structure if the radius is 2.5 m and the 
height is 4.6 m. Use 3.14 for 7. 


Volume of Earth. The diameter of the Earth is 
about 3980 mi. Find the volume of the Earth. Use 
3.14 for 7. Round to the nearest ten thousand cubic 
miles. 


The volume of a ball is 367 cm*. Find the dimensions of 
a rectangular box that is just large enough to hold the 
ball. 


38. 


40. 


Astronomy. The diameter of the largest moon of 
Uranus is about 1578 km. Find the volume of this 
satellite. Use 4 for 7. Round to the nearest ten 
thousand cubic kilometers. 


Oceanography. A research submarine is capsule- 
shaped. Find the volume of the submarine if it has a 
length of 10 m and a diameter of 8 m. Use 3.14 for 7 
and round the answer to the nearest hundredth. (Hint: 
First find the length of the cylindrical section.) 


SECTION 9.4 Volume 567 


41. 


Toys. Toy stores often sell capsules that dissolve in 
water, allowing a toy inside the capsule to expand. One 
such capsule is 40 mm long with a diameter of 8 mm. 


42. 


Golf-Ball Packaging. The box shown is just big 
enough to hold 3 golf balls. If the radius of a golf ball 
is 2.1 cm, how much air surrounds the three balls? Use 


a) What is the volume of the capsule? Use 3.14 3.14 for 7. 
for 7. 

b) The manufacturer claims that the toy in the capsule S| 
will expand 600%. What is the volume of the toy prs <P q ; 
after expansion? “ge oy) 


Skill Maintenance 


Great Lakes. The Great Lakes contain about 5500 mi? (23,000 km*) of water that covers a total area of about 94,000 mi? 
(244,000 km?). The Great Lakes are the largest system of fresh surface water on Earth. Use the following table for Exercises 43-48. 


Lake 


| GREAT LAKE 
FEATURE | UNITS | SUPERIOR | MICHIGAN | HURON | ERIE | ONTARIO 
2 


483 | 79 195 | 62| 283 
| 


| 
i | 


Average depth ft 


Volume mis 2,900 1,180 850 116 
Water area mi? 31,700 | 22,300 23,000 | 9,910 
Michigan 
DATA: epa.gov; earth1.epa.gov 
43. How much greater is the volume of water in Lake 44. How much less is the water area of Lake Ontario than 


Michigan than in Lake Erie? [1.8a], [7.1a] that of Lake Superior? [1.8a], [7.1a| 


45. Find the average of the average depths of the five 46. Find the average volume of water in the five Great 
Great Lakes. [7.1a], [7.3b] Lakes. [7.1a], [7.3b] 

SIND STS. cccccsccc-ccssnsersantassnsrteneecrscanecsansetacsunsleccosicbace-senantesnt tonassaho test loetanseabesdfepseabasacsuveenmseantboininseloctecsdaminsaiaes 

Use the data in the table above for Exercises 47 and 48. 

47. Convert the volume of water in Lake Huron from 48. Convert the water area of Lake Superior from square 


cubic miles to cubic kilometers. Round to the nearest 
hundredth of a cubic kilometer. 


miles to square kilometers. Round to the nearest 
hundredth of a square kilometer. 


49. &) A sphere with diameter 
1 mis circumscribed by a 
cube. How much greater is 
the volume of the cube 
than the volume of the 
sphere? Use 3.14 for 7. 


568 CHAPTER9 Geometry 


Copyright © 2019 Pearson Education, Inc. 


Angles and Triangles 


(@) MEASURING ANGLES 


OBJECTIVES 


We see a real-world application of angles of various types in the different 


back postures of the bicycle riders illustrated below. (a) Name an angle in five 
Style of Biking Determines Cycling Posture different ways, and measure 
an angle with a protractor. 
Road Mountain Comfort . : 
About 180° flat About 45° About 90° Classify an angle as right, 


straight, acute, or obtuse. 


Find the measure of a 
complement or a supplement 
of a given angle. 


Classify a triangle as 
equilateral, isosceles, or 
scalene, and as right, obtuse, 


or acute. 
Riders prefer a more Riders prefer a semi- Riders prefer an upright Given two of th angle . 
aerodynamic flat-back upright position to help position that lessens stress measures of a trian g le, find 
position. lift the front wheel over on the lower back and neck. the third. 
obstacles. 


DATA: USA TODAY research 


An angle is a set of points consisting of two rays, or half-lines, with a 
common endpoint. The endpoint is called the vertex of the angle. The rays 
are called the sides of the angle. 


Ray BA 
\ 
A 
Ray BC 
Name the angle in five different 
2 \ C ways. 
Vertex 1. 5 
The angle above can be named 
angle ABC, angle CBA, ZLABC, ZCBA, or ZB. E : 


Note that the vertex is written in the middle of the name. If there is only one 


angle with a given vertex in a drawing, the angle may be named using simply 2. 
its vertex. P 


Do Exercises 1 and 2. > Q R 


Answers 


1. Angle DEF, angle FED, ZDEF, 
ZFED, or ZE 2. Angle POR, angle 
ROP, ZPOR, ZROP, or ZO 
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To measure angles, we start with some arbitrary angle and assign to it a 
measure of 1. We call it a unit angle. Suppose that Z U, shown below, is a unit 
angle. Let’s measure 2 DEF. If we made 3 copies of ZU, they would “fill up” 
ZDEF. Thus, the measure of 2 DEF would be 3. 


The unit most commonly used for angle measure is the degree. Below 
is such a unit angle. Its measure is 1 degree, or 1°. There are 360 degrees in 
a circle. 


A 1° angle: 


Here are some other angles with their degree measures. 


90° 


To indicate the measure of XYZ, we write m ZXYZ = 90°. Recall that the 
symbol | is sometimes drawn on a figure to indicate a 90° angle. 

A device called a protractor is used to measure angles. Protractors have 
two scales (inside and outside). To measure an angle like Z QO below, we place 
the protractor’s A at the vertex and line up one of the angle’s sides at 0°. Then 
we check where the angle’s other side crosses the scale. In the figure below, 
the side OR lines up with 0° on the inside scale, so we check where the angle’s 
other side, OP, crosses the inside scale. We see that m ZQ = 145°. 


Typ 
4% Y 
3. Use a protractor to measure 145° is on “0 RZ 


this angle. the inside KS 
scale. 


0° is on the 
—5| inside scale. 


< Do Exercise 3. 


Answer 
3. 127° 
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Let’s find the measure of 2 ABC. This time we line up one of the angle’s 
sides, BC G with 0° on the outside scale. Then we check where the angle’s other 
side, BA, crosses the outside scale. We see that m ZABC = 42°. 


Both 0° and 
42° are on the 
outside scale. 


60 | 


20 


180 179 7 


Do Exercise 4. > 


1B) CLASSIFYING ANGLES 


The following are ways in which we classify angles. 


TYPES OF ANGLES 


Right angle: An angle whose measure is 90°. 

Straight angle: An angle whose measure is 180°. 

Acute angle: An angle whose measure is greater than 0° and less than 
90°. 

Obtuse angle: An angle whose measure is greater than 90° and less 
than 180°. 


A B C 
Right Straight 
Acute Obtuse 


Do Exercises 5-8. > 


4. Use a protractor to measure 
this angle. 


ss 


Classify each angle as right, 
straight, acute, or obtuse. Use 
a protractor if necessary. 


= 
Z 
as 


Answers 


4. 33° 5. Right 6. Acute 7. Obtuse 
8. Straight 
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9. Identify each pair of 
complementary angles. 


Find the measure of a complement 


of each angle. 
10. 45° 11. 18° 


12. 85° 


13. 67° 
90° = 67° = : 


Answers 


9. Zl and 22; 21 and 24; 22 and 23; 


Z3and 24 10. 45° 11. 72° 12. 5° 
13. 23° 


Guided Solution: 
13. 23 
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© COMPLEMENTARY AND SUPPLEMENTARY ANGLES 


Z1 and 22 above are complementary angles. 


mZ1+mZ2 = 90° 
75° + 15° = 90° 


COMPLEMENTARY ANGLES 


Two angles are complementary if the sum of their measures is 90°. 
Each angle is called a complement of the other. 


If two angles are complementary, each is an acute angle. When comple- 
mentary angles are adjacent to each other, they form a right angle. 


EXAMPLE 1 Identify each pair of complementary angles. 


Z1 and 22 25° + 65° = 90° 
Z1 and 24 


Z2 and 23 
Z3 and 24 a) 


EXAMPLE 2 Find the measure of a complement of an angle of 39°. 


90° — 39° = 51° 


The measure of a complement is 51°. 
< Do Exercises 9-13. 
Next, consider 71 and 42 as shown below. Because the sum of their 


measures is 180°, 71 and 22 are said to be supplementary. Note that when 
supplementary angles are adjacent, they form a straight angle. 


mZ1+mZ2 = 180° 
30° + 150° = 180° 


SUPPLEMENTARY ANGLES 


Two angles are supplementary if the sum of their measures is 180°. 
Each angle is called a supplement of the other. 


EXAMPLE 3 Identify each pair of supplementary angles. 


105° 105° 
715° vig 
1/92 a 4 


Z1 and 22 105° + 75° = 180° Z2 and 43 
Z1 and 24 Z3 and 24 0 


EXAMPLE 4 Find the measure of a supplement of an angle of 112°. 


(130 - 112)°\ ta" 180° — 112° = 68 
<----— cay 


The measure of a supplement is 68°. 


Do Exercises 14-18. D> 


(@) TRIANGLES 


A triangle is a polygon made up of three segments, or sides. Consider these 
triangles. The triangle with vertices A, B, and C can be named AABC. 


Cc Pe 
D 4 F 
3 Z : 
8 8 
E I i 
A B 8 
WHA ; a 
N G aH 
é 15 
8 
6 
P M R S 
8 11 


14. Identify each pair of 
supplementary angles. 


Find the measure of a supplement 
of each angle. 


15. 38° 16. 157° 
17. 90° 
18. 71° 

180° — 71° = : 
Answers 


14. Z1 and 22; 21 and 24; 22 and 23; 
Z3andZ4 15. 142° 16. 23° 


17. 90° 18. 109° 


Guided Solution: 
18. 109 
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19. Which triangles on p. 573 are: 
a) equilateral? 


b) isosceles? 


c) scalene? 


20. Are all equilateral triangles 


isosceles? 


21. Are all isosceles triangles 
equilateral? 


22. Which triangles on p. 573 are: 


a) right triangles? 


b) obtuse triangles? 


c) acute triangles? 


23. FindmZP+mZQO+mZR. 


P. 


24. Find the missing angle measure. 


Answers 


B 


[\. 


19. (a) AABC; (b) AABC, AMPN; 


(c) ADEF, AGHI, AIKL, AORS 20. 


21. No 22. (a) ADEF; (b) AGHI, 
AQRS; (ce) AABC, AMPN, AJKL 


23. 180° 


574 


24. 64° 


CHAPTER 9 


Geometry 


We can classify triangles according to sides and according to angles. 


TYPES OF TRIANGLES 


Equilateral triangle: All sides are the same length. 


Isosceles triangle: Two or more sides are the same length. 
Scalene triangle: All sides are of different lengths. 

Right triangle: One angle is a right angle. 

Obtuse triangle: One angle is an obtuse angle. 

Acute triangle: All three angles are acute. 


<@ Do Exercises 19-22. 


e SUM OF THE ANGLE MEASURES OF A TRIANGLE 


The sum of the angle measures of a triangle is 180°. To see this, note that we 
can think of cutting apart a triangle as shown on the left below. If we reas- 
semble the pieces, we see that a straight angle is formed. 


84° 


Ma a 84° 


64° + 32° + 84° = 180° 


SUM OF THE ANGLE MEASURES OF A TRIANGLE 


In any AABC, the sum of the measures of the angles is 180°: 
mZA +m2ZB+ mZC = 180°. 


<@ Do Exercise 23. 


If we know the measures of two angles of a triangle, we can calculate the 
measure of the third angle. 


EXAMPLE 5 Find the missing angle measure. 


mZA+mZB+mZC = 180° 
x + 65° + 24° = 180° 
x + 89° = 180° 
180° — 89° 
= 91° 


Thus, m ZA = 91°. 
«@ Do Exercise 24. 


FOR 
EXTRA © MyLab Math 
HELP 


UY Check Your Understanding 


Reading and Concept Check Match each definition with the correct term from the list on the right. 


RC1. An angle whose measure is 90° a) acute angle 
RC2. An angle whose measure is 180° b) complementary angles 
RC3. An angle whose measure is greater than 0° and less than 90° c) equilateral triangle 
RC4. An angle whose measure is greater than 90° and less than 180° _—d)_ isosceles triangle 
RCS. A pair of angles whose measures add to 90° e) obtuse angle 
RCO. A pair of angles whose measures add to 180° f) right angle 
RC7. A triangle with three sides of the same length g) right triangle 
RC8. A triangle with all sides of different lengths h) scalene triangle 
RC9. A triangle with two or more sides of the same length i) straight angle 

RC10. A triangle containing a 90° angle j) supplementary angles 


@ Name each angle in five different ways. 


1. 2. 
? R 
G H P 
Q 


Use a protractor to measure each angle. 


3. _ 4. 5. 
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9.-16. Classify each of the angles in Exercises 1-8 as right, 
straight, acute, or obtuse. 


fe) Find the measure of a complement of each angle. 


21. 11° 22. 83° 


25. 58° 26. 32° 


Find the measure of a supplement of each angle. 
29. 3° 30. 54° 


33. 85° 34, 129° 


17.-20. Classify each of the angles in Margin Exercises 1-4 
as right, straight, acute, or obtuse. 


23. 67° 24, S° 
27. 29° 28. 54° 
31. 139° 32. 13° 
35. 102° 36. 45° 


ds Classify each triangle as equilateral, isosceles, or scalene. Then classify it as right, obtuse, or acute. 


37. 38. 


41. 42. 


12 13 


45. B 46. 


576 - CHAPTERS Geometry 


39. 8 40. 
6 
10 
12 
43. 44. 
5 7 
14 . 
8 
9 
47. R 
39° 2 
(/ 
Q S 
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48. 


Skill Maintenance 


Perform the indicated operation and simplify. 
1 3 3 5 


51. Subtract: 3.8 — 1.0875. [4.2b] 52. Add: 25 + a7 [3.5a] 53. Add: io a De [3.2a] 
. 1 2 vs 2 = 
54. Multiply: 4°23" [3.6a] 55. Divide: 18 + 3 [2.7b] 56. Divide: 16.8 + 0.02. [4.4a] 
Solve. 
2 7 2 1 
7, =+1=— B3 oye 
5 5 10 [3.3c] 58 ao [2.7c] 
SIUM SN: ke spate the viscup essere ac hota tenor aah aici Saeco ageing nal ahaha cones 
59, In the figure, m Z 1 = 79.8° and m Z 6 = 33.07°. 60. [In the figure, m Z 2 = 42.17° and m Z3 = 81.9°. 
Find m 22,m 23,m 24, and m 25. Find m Z1,m 24,m Z5, and m Z6. 


61. Findm ZACB,m ZCAB,m ZEBC,m ZEBA, 
m ZAEB, and m ZADB in the rectangle shown below. 


A B 


100° 


40° 
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Square Roots and the 


Pythagorean Theorem 


a OBJECTIVES a SQUARE ROOTS 


fa) Simplify square roots of 
SQUARE ROOT 


squares such as V25. 

If a number is a product of two identical factors, then either factor is 
called a square root of the number. (If a = c’, then c is a square root 
of a.) The symbol V (called a radical sign) is used in naming square 
roots. 


b Approximate square roots. 


@ Given the lengths of any two 
sides of a right triangle, find 
the Length of the third side. 


da Solve applied problems 
involving right triangles. 


For example, V36 is the square root of 36. It follows that 
V36 = V6-6=6 The square root of 36 is 6. 


because 6” = 36. 


Find the square. 


1 2. 10° EXAMPLE 1 Simplify: 25. 
3. 1P 4. 12? V25 = V5°5 =5 The square root of 25 is 5 because 5° = 25. ® 
5. 137 6. 14° EXAMPLE 2 Simplify: V/144. 
7. 152 8. 162 V144 = V12-12 =12 ~~ The square root of 144 is 12 because 
in = 14d, e) 
9. 17° 10. 18? 
ee a Caution! ee a 
11. 20° 1.37 


It is common to confuse squares and square roots. A number squared is that 
number multiplied by itself. For example, 167 = 16-16 = 256. A square root of 
a number is a number that when multiplied by itself gives the original number. 
For example, V16 = 4, because 4-4 = 16. 


Simplify. The results of Exercises 
1-12 above may be helpful here. 


13. V9 PUTT sahhannadeoehe eeu uct teat eases harcre widotgae ad aciewsunatcsenet bala satseio me aeaeiereas 
15. V121 16. V100 EXAMPLES Simplify. 
17. V81 18. V64 3. V4 =2 4. 256 = 16 5. V49 =7 
19. \/324 20. 400 « Do Exercises 1-24. 
21. V225 22. VI69 1B) APPROXIMATING SQUARE ROOTS 
23. V1 24. V0 Many square roots can’t be written as whole numbers or fractions. For 
example, V2, V3, V39, and V70 cannot be precisely represented in decimal 
notation. To see this, consider the following decimal approximations for V2. 
Each gives a closer approximation, but none is exactly V2: 
V2 ~ 14 because (1.4)? = 1.96; 
V2~141 because (1.41)? = 1.9881; 
V2 ~ 1.414 because (1.414)? = 1.999396; 
Answers 


= 2 —- 
es ee aie V2 ~ 1.4142 because (1.4142)? = 1.99996164. 


6. 196 7. 225 8. 256 9. 289 10. 324 . : : : 7 
11. 400 2. 625 13.3 14.4 15. 11 Decimal approximations like these are commonly found by using a 


16.10 17.9 18.8 19.18 20. 20 calculator. 
21. 15 22.13 23.1 24.0 
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EXAMPLE 6 Use a calculator to approximate V3, V27, and V180 to 
three decimal places. 

We use a calculator to find each square root. Since the calculator dis- 
plays more than three decimal places, we round back to three places. 


V3 ~ 1.732, 
V27 ~ 5.196, 
V180 ~ 13.416 
As acheck, note that 1-1 = 1 and2-+2 = 4, so we expect V3 to be between Use a calculator to approximate to 
1 and 2. Similarly, we expect V27 to be between 5 and 6 and V180 to be three decimal places. 
between 13 and 14. 25. V5 26. V78 


Do Exercises 25-28. D> 27. V168 28. 321 


c THE PYTHAGOREAN THEOREM 


seve 
nook 
paaee 


Evaluate exponential notation. {1.9b| = ee 
Evaluate. Finding Square Roots 
il, D, Many calculators have a square 


eee ek root key, |V_|. Often we enter the 


radicand first and then press the 
af 
VIDEO ey. 


It is always best to wait until 
calculations are complete before 
rounding. For example, to find 
9 + \/30 rounded to the nearest 
tenth, we do not first determine 
that V30 ~ 5.5 and then multi- 
ply by 9 to get 49.5. Rather, we 


A right triangle is a triangle with a 90° angle, as 
shown here. In a right triangle, the longest side is 
called the hypotenuse. It is the side opposite the 
right angle. The other two sides are called legs. 
We generally use the letters a and b for the lengths 


of the legs and c for the length of the hypotenuse. press [9 ][X][3][0 |[2nd][V ] [= 
They are related as follows. or |9 |LX}L3 | LO J [SHIFT] |v | [=]. 
The result is 49.29503018, so 
9-V30 = 49.3. 
THE PYTHAGOREAN THEOREM 
ewer iace: Sa Bea he aeons syme inane ee ieee irae EXERCISES: Use a calculator to 
In any right triangle, if a and b are the lengths of the legs and c is the find each of the following. Round 


length of the hypotenuse, then 


to the nearest tenth. 
+h =<, or | 1.VB 66 
(Leg)? + (Other leg)” = (Hypotenuse)?. b 2.7-V8 198 
3. V47 -—5 19 
4.17 + V57 24.5 
5.13V68 + 14 121.2 
6. 7-90 + 3-40 85.4 


The equation a” + b? = c’ is called the Pythagorean equation.* 


Answers 
*The converse of the Pythagorean theorem is also true. That is, if a’ + b? = c?, then the 25. 2.236 26. 8.832 27. 12.961 
triangle is a right triangle. 28. 17.916 
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29. Find the length of the hypotenuse 


of this right triangle. 


Answer 
29. c = 13 


Guided Solution: 
29. 5, 25, 169, 13 
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Geometry 


bcs 


The Pythagorean theorem is named for the Greek mathematician 
Pythagoras (569?-500? B.c.E.). We can think of this relationship as adding 
areas. 


ee e+ =o 
4+ 4 = 5 
9 + 16 = 25 


Leg: b 
Area = 47 


If we know the lengths of any two sides of a right triangle, we can use the 
Pythagorean equation to determine the length of the third side. 


EXAMPLE 7 Find the length of the hypotenuse of this 6 
right triangle. 
We substitute in the Pythagorean equation: 


a+bh=c? c 
6+ 8 =? Substituting 
36 + 64 = c? 

100 =e. 


The solution of this equation is the square root of 100, which is 10: 
c = V100 = 10. 
< Do Exercise 29. 


EXAMPLE 8 Find the length 5 for the right triangle shown. Give an exact 
answer and an approximation to three decimal places. 


10 


We substitute in the Pythagorean equation. Next, we solve for b* and 
then b, as follows: 


at+b=c 
10° + b= 
100 + b? = 144. 


| 
a 
N 

w 


Substituting 


Then 


100 + b? — 100 = 144 -— 100 _—_ Subtracting 100 on both sides 


b* = 144 — 100 
b? = 44 
Exact answer: b = V44 


Approximation: b ~ 6.633. Using a calculator 


Do Exercises 30-32. D> 


(@) APPLICATIONS 


EXAMPLE 9 Height of Ladder. A 12-ft ladder leans against a building. 
The bottom of the ladder is 7 ft from the building. How high is the top of 
the ladder? Give an exact answer and an approximation to the nearest tenth 
of a foot. 


1. Familiarize. We first make a drawing. In it we see a right triangle. We 
let h = the unknown height. 


2. Translate. We substitute 7 for a, h for b, and 12 for c in the Pythagorean 


equation: 
at+b=c* Pythagorean equation 
P+ We = 12. 
3. Solve. We solve for h? and then h. 
49 + h? = 144 
49 + h* — 49 = 144 — 49 
h? = 144 — 49 
A= 05 
Exact answer: h = V95 


Approximation: h ~ 9.7 ft 


4. Check. 7? + (V95)* = 49 + 95 = 144 = 127. 
5. State. The top of the ladder is V95 ft, or about 9.7 ft, from the ground. 


Do Exercise 33. D> 


Find the length of the leg of each 
right triangle. Give an exact answer 
and an approximation to three 
decimal places. 


30. 
14 u 
a 
31. 
11 
t ee ee 
b 
32. 
20 


15 


33. How long is a guy wire 
reaching from the top of an 
18-ft pole to a point on the 
ground 10 ft from the pole? 
Give an exact answer and an 
approximation to the nearest 
tenth of a foot. 


Answers 

30. a = V75:a ~ 8.660 31. b = V120; 
b ~ 10.954 32. a = V175: 

a ~ 13.229 33. V424 ft ~ 20.6 ft 
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1 


Servings of Pork. An 8-lb 
pork roast contains 37 serv- 
ings of meat. How many 
pounds of pork would be 
needed for 55 servings? 


2. Height of a Ladder. A 


. Cruise Cost. 


4. 


- Volume of a Sphere. 


14.5-ft ladder leans against 
a house. The bottom of the 


ladder is 9.4 ft from the house. 


How high is the top of the 
ladder? 


A group of 
6 college students pays $4608 


for a spring break cruise. What 


is each person’s share? 


Sales Tax Rate. The sales 
tax is $14.95 when a new 
ladder is purchased for $299. 
What is the sales tax rate? 


Find 
the volume of a sphere whose 
radius is 72 cm. 


Translating 
for Success 


The goal of these matching questions is to 
practice step (2), Translate, of the five-step 
problem-solving process. Translate each 
word problem to an equation and select a 
correct translation from equations A-0. 


1 
A. x= 3 7°6°*(7.2) 


B. 6-x = $4608 


4 
~ x= 30m6'+(7.2) 


1 2 
“(Goh 


6% X 5 X $14.95 


G. (9.4)? + x? = (14.5)? 
. $14.95 = x- $299 
R= 2145 OA) 


(9.4 + 14.5)? = x 


. x = 4(14.5 + 9.4) 


. X = 6° $4608 


4 
oe = 3 0(7.2)° 


Answers on page A-18 


6. Inheritance. Six children 
each inherit $4608 from their 
mother’s estate. What is the 
total inheritance? 


. Sales Tax. Erica buys 
5 pairs of earrings at $14.95 
each. The sales tax rate is 6%. 
How much sales tax will be 
charged? 


. Volume of a Cone. Find the 
volume of a circular cone with 
a base radius of 6 cm anda 
height of 72 cm. 


. Volume of a Storage Tank. 
The diameter of a cylindrical 
grain-storage tank is 5 5 yd. 
Its height is 7 yd. Find its 
volume. 


. Perimeter of a Photo. A 
rectangular photo is 14.5 cm 
by 9.4 cm. What is the perim- 
eter of the photo? 


FOR 
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UY Check Your Understanding 


Reading Check Determine whether each statement is true or false. 
RC1. 10 is a square root of 100. 


RC2. V3 = 9. 


Concept Check In Exercise CC1-CC4, the lengths of the three sides of a right triangle are given. Identify the 


lengths of the legs and the length of the hypotenuse. 


CCI. 30, 34, 16 CC2. 6, V37,1 
CES 08/22. Tin 7 CC4. 10,16,2/39 
a Simplify 
1. Vi00 2. V25 3. V44i 
5. 625 6. V576 7. V361 
9. 529 10. Vi69 11. V/10,000 


Db Use a calculator to approximate to three decimal places. 


13. V48 14. V17 15. V8 
17. V18 18. V7 19. V6 
21. V10 22. V21 23. V75 
25. V196 26. V/123 27. V183 


RC3. In a right triangle, the side opposite the right angle is the hypotenuse. 


RC4. In a right triangle, the sum of the lengths of the legs is the length of the hypotenuse. 


4. V225 
8. V484 
12. V4,000,000 


16. V3 
20. V61 
24. 220 


28. V300 


Find the length of the third side of each right triangle. Give an exact answer and, when appropriate, 


an approximation to three decimal places. 


29. 30. 31. 
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32. 33. 34, 


35. 10 36. 


14 


For each right triangle, find the length of the side not given. Assume that c represents the length of the hypotenuse. Give an 
exact answer and, when appropriate, an approximation to three decimal places. 


37. a = 10, b = 24 38. a = 5,b = 12 
39. a=9,c = 15 40. a = 18,c = 30 
41. a= 1,c = 32 42. b =1,c = 20 
43. a=4,b =3 44.a=1,c = 15 


(id) In Exercises 45-52, give an exact answer and an approximation to the nearest tenth. 


45. Softball Diamond. A slow-pitch softball diamond is 46. Baseball Diamond. A baseball diamond is actually a 
actually a square 65 ft on a side. How far is it from home square 90 ft on a side. How far is it from home plate to 
plate to second base? second base? 
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47. A 30-ft string of lights reaches from the top of a pole to 


a point on the ground 16 ft from the base of the pole. 
How tall is the pole? 


49. Great Pyramid. The Pyramid of Cheops is 146 m 
high. The distance at ground level from the center of 


the pyramid to the middle of one of the faces is 115 m, 
as shown below. What is the slant height of a side of the 


pyramid? 


48. 


50. 


A 25-ft wire reaches from the top of a telephone pole 
to a point on the ground 18 ft from the base of the pole. 
How tall is the pole? 


Construction. In order to support a masonry 


wall, Matthew erects braces at a height of 12 ft on 
the wall. The braces are anchored to the ground 
15 ft from the base of the wall. How long are the 
braces? 


51. An airplane is flying at an altitude of 4100 ft. The 
slanted distance directly to the point where it will touch 
down is 15,100 ft. How far is the airplane horizontally 
from that point? 


15,100 ft 


4100 ft 


Skill Maintenance 


Evaluate. [1.9b] 
53. 10° 54, 10° 
Simplify. [1.9c, d] 


57, 90 + 15+2 — (1 + 2)? 


Synthesis 


59. Which of the triangles below has the larger area? 


+ 5 
5 5 


8 


52. 
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15 ft 


A surveyor had poles located at points P, Q, and R 
around a lake. The distances that the surveyor was 
able to measure are marked on the drawing. What 
is the approximate distance from P to R across the 
lake? 


. Find the area of the trapezoid shown. Round to the 
nearest hundredth. 
b 
8cm 
12cm 
4cm 
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CHAPTER 


Ze Summary and Review 


Formulas 

Perimeter of a Rectangle: P = 2+(1 + w), or 
P=2:1+2-w 

Perimeter of a Square: P=4:s 

Area of a Rectangle: A=I-w 

Area of a Square: A=s's,orA=s* 

Area of a Parallelogram: A = b-h 

Area of a Triangle: A=5-bh 

Area of a Trapezoid: A=5-h: (a+b) 

Radius and Diameter F 

of a Circle: d=2+r,orr= 2 


Vocabulary Reinforcement 


Circumference of a Circle: 


Area of a Circle: 


Volume of a Rectangular 
Solid: 


Volume of a Circular 
Cylinder: 


Volume of a Sphere: 
Volume of a Cone: 


Pythagorean Equation: 


C = 7-d,or 
C=2:m-'r 
A=T'r'r, or 
A=qa-r 
V=Il-weh 
V=qm'r+h 
v=} wer 
(Sty 
e+bp=c? 


Complete each statement with the correct word from the list on the right. Some of the choices may not be used and 


some may be used more than once. 


1. A parallelogram is a four-sided figure with two pairs of circumference 
sides. [9.2b] dias 
2. The of a polygon is the sum of the lengths of its sides. perimeter 
[9.1a] isosceles 
3. The of a circle is half the length of its diameter. [9.3a] scalene 
4. Two angles are if the sum of their measures is parallel 
180°. [9.5c] perpendicular 
5. A(n) triangle has all sides of different lengths. [9.5d] hypotenuse 
6. The of a right triangle is the side opposite the leg 
right angle. [9.6c] complementary 
supplementary 
Concept Reinforcement 
Determine whether each statement is true or false. 
1. The acute angles of a right triangle are complementary. [9.5c, d] 


measures 6 ft by 6 ft by 6 ft. 


legs. [9.6c] 


c] 


3. The measure of any obtuse angle is larger than the measure of any acute angle. 


2. The volume of a sphere with diameter 6 ft is less than the volume of a rectangular solid that 
[9.4a, 


[9.5b] 


4. The length of the hypotenuse of a right triangle is greater than the length of either of its 
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Study Guide 


Objectives 9.1a and9.2a Find the perimeter of a polygon; find the area of a rectangle and a square. 


Example Find the perimeter and the area of this Practice Exercise 
rectangle. 1. Find the perimeter and the area of this rectangle. 
P=2-(1+w) 
= 2:(43m + 2.7m) 
= 2:(7m) = 14m 57 ft 
A=lI-w 


= 43m-2.7m = 11.61 rm 


8.2 ft 


Objective 9.2b Find the area of a parallelogram, a triangle, and a trapezoid. 


Examples Find the area of this parallelogram. : Practice Exercises 


AS heh 2. Find the area of this parallelogram. 


Find the area of this triangle. 3. Find the area of this triangle. 


A= 


30.6 cm = =:30.6cm:10cm 


J NIRF NIR 


30.6- 10+ cm? 3 
oe 3.58 
153 cm? : 
Find the area of this trapezoid. 4. Find the area of this trapezoid. 


6 in. 5m 


i 


18 in. ==> xX 12in. X (24 in.) 


*h:(a +b) 


x 12in. x (6in. + 18in.) : 


NI NIP NI 


12 x 24 
——— jn? = 144 in? 


Summary and Review: Chapter 9 
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Objective 9.3b Find the circumference of a circle given the length of a diameter or a radius. 


Example Find the circumference of this circle. Practice Exercise 
Use 3.14 for 7. 5. Find the circumference of this circle. Use 3.14 for 7. 
C=a-d, or 2:am°r 
=~ 2X 3.14 x 4ft 
= 25.12 ft 


Objective 9.3c Find the area of a circle given the length of a diameter or a radius. 


22 Practice Exerci 
Example Find the area of this circle. Use 7 for 7. ae ene 


22 
6. Find the area of this circle. Use 7 for 7. 


A=m'r'r, or wr 


= 21 mm: 21mm 


gh) 
7 


mn’ = 1386 mm? 


Objective 9.4a Find the volume of a rectangular solid using the formula V = /-w-h. 


Example Find the volume of this rectangular solid. Practice Exercise 


A 


| 


V=Il-weh 7. Find the volume of this rectangular solid. 
= 3yd X 2.6yd X 7.1 yd 
=3xX 26x 71y@ 
= 55.38 yd? 15m 


P | 


TA yd 


18.1m 


2.6 yd 


3 yd 


Objective 9.4b Given the radius and the height, find the volume of a circular cylinder. 


Example Find the volume of this circular cylinder. Practice Exercise 55 
_ 314 for a: 8. Find the volume of this circular cylinder. Use — 
V=B-h, or wer'sh for 7. : 

= 3.14 14m xX 14m X 2.7m 7 
27m = 16.61688 m? 
= 2 
Sz ft 
ad 1.4m 3 
1 
1 3 ft 
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Objective 9.4c Given the radius, find the volume of a sphere. 


Practice Exercise 


22 
Example Find the volume of this sphere. Use — for 7. 
9. Find the volume of this sphere. Use 3.14 for 7. 


ges eas xX 7in. X 71 
=~ > xX in. in. in. 
3.7 


1 
= 1437 - in? 
a" 


Objective 9.4d Given the radius and the height, find the volume of a circular cone. 


Example Find the volume of this circular cone. : Practice Exercise 


Use 3.14 for a. 10. Find the volume of this circular cone. Use 3.14 for 7. 


3.14xX9x9X20  , 
cm 

3 

1695.6 cm? 


Objective 9.5c Find the measure of a complement or a supplement of a given angle. 


Example Find the measure of a complement and a : Practice Exercise 


supplement of an angle that measures 65°. 11. Find the measure of a complement and a supple- 


The measure of the complement of an angle of 65° ment of an angle that measures 38°. 
is 90° — 65°, or 25°. : 

The measure of the supplement of an angle of 65° 
is 180° — 65°, or 115°. 


Objective 9.5e Given two of the angle measures of a triangle, find the third. 


Example Find the missing angle measure. : Practice Exercise 


mZA +mZB+mZC = 180° : 12. Find the missing angle measure. 
C x + 130° + 28° = 180° : 


x = 180° — 158° 


130° 
ai 4 = 22° 


The measure of ZA is 22°. 


Summary and Review: Chapter9 . 589 


Objective 9.6c Given the lengths of any two sides of a right triangle, find the length of the third side. 


Example Find the length of the third side of this 
triangle. Give an exact answer and an approximation to 


three decimal places. 


a+b = 


Pythagorean equation 


a +1 = 152 
a + 121 = 225 
15 
a a = 225 — 121 
a = 104 
7 a= V104 = 10.198 


Review Exercises 


Practice Exercise 


13. Find the length of the third side of this right 
triangle. Give an exact answer and an approxima- 
tion to three decimal places. 


Find the perimeter. [9.1a] 


1. St 2. 0.5m 19m 


4 ft 


3. Tennis Court. The dimensions of a standard- 
sized tennis court are 78 ft by 36 ft. Find 
the perimeter and the area of the tennis 
court. [9.1b], [9.2c] 


Find the perimeter and the area. [9.1a], [9.2a] 
4. 


Find the area. [9.2b] 


k 11.4 yd >| 
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10. Seeded Area. A grassy area around three sides 
of a building has equal width on the three sides, as 
shown below, and is going to be reseeded. What is 
the total area to be reseeded? = [9.2c] 


Find the length of a radius of each circle. [9.3a] 
11. 12. 


Find the length of a diameter of each circle. [9.3a] 
13. 14, 


15. Find the circumference of the circle in Exercise 11. 
Use 3.14 for 7. [9.3b] 


16. Find the circumference of the circle in Exercise 12. 
Use 4 for 7. [9.3b] 


17. Find the area of the circle in Exercise 11. Use 3.14 
for 7. [9.3c] 


18. Find the area of the circle in Exercise 12. Use 
for 7. [9.3c] 


19. Find the area of the shaded region. Use 3.14 
for 7. [9.3d] 


21 ft 


Find the volume. [9.4a] 
20. 


2.6 yd 
12 yd 


21. 


14cm 


4.6 cm 


Find the volume. Use 3.14 for 7. [9.4b, c, d] 
22. 23. 


r=2cm 


100 ft 


90 tt 


24. 


Summary and Review: Chapter9 591 


26. A Norman window is designed with dimensions as 
shown. Find its area and its perimeter. Use 3.14 
for 7. [9.3d] 


Use a protractor to measure each angle. [9.5a] 


27. 28. 
P 


29. 30. 


31-34. Classify each of the angles in Exercises 27-30 
as right, straight, acute, or obtuse. [9.5b] 


35. Find the measure of a complement of 
ZBAC. [9.5c] 


36. Find the measure of a supplement of a 44° 
angle. [9.5c] 


Use the following triangle for Exercises 37-39. 


3:5 
LI 


2: 


4 


37. Find the missing angle measure. [9.5e] 


38. Classify the triangle as equilateral, isosceles, or 
scalene. [9.5d] 


39. Classify the triangle as right, obtuse, or 
acute. [9.5d] 


40. Simplify: V64. [9.6a] 


41. Use a calculator to approximate V83 to three 
decimal places. [9.6b]| 


For each right triangle, find the length of the side not 
given. Give an exact answer and an approximation to 
three decimal places. Assume that c represents the 
length of the hypotenuse. [9.6c] 


42. a= 15,b = 25 43. a= 7,c = 10 


Find the length of the side not given. Give an exact 
answer and an approximation to three decimal 
places. [9.6c| 


44, 
. 5ft 
8 ft 
45. 
20 cm 
a 
18 cm 
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[9.6d] 


46. A wire 24 ft long reaches from the top of a pole 
to a point on the ground 16 ft from the base of the 
pole. How tall is the pole? Round to the nearest 
tenth of a foot. 


Solve. 


47. Construction. Chloe is designing rafters for a 


house. The rise of each rafter will be 6 ft and the 
run 12 ft. What is the rafter length? Round to the 
nearest hundredth of a foot. 


Rise = 6 ft 


Le Run = 12 ft—> 


Clee 


= 2 


48. Find the length of a diagonal from one corner to 
another of the tennis court in Exercise 3. Round to 
the nearest tenth of a foot. 

49. Find the measure of a supplement of a 202 
angle. [9.5c] 

ile 1° 

A. 339— B. 159— 

4 4 


1° 1° 
- 69— D. 70— 
C 27 7 A 


7 
50. Find the area of a circle whose diameter is 9 in. 


Use — for aw. [9.3c] 
My Me oll gy Is 
A, 9 B 162 8 C 9) D 81 in 


Synthesis eee 


51. A square is cut in half so that the perimeter of the 
resulting rectangle is 30 ft. Find the area of the 
original square. [9.la], [9.2a] 


52. Find the area, in square meters, of the shaded 
region. [8.2a], [9.2c] 


f 2.8m "| 


1.8mm { 


1.8mm 


53. Find the area, in square centimeters, of the shaded 
region. [8.2a], [9.2c] 


Each small triangle 
has a height of 

1.25 cm anda 

base of 1.05 cm 


100 mm 


84mm 


Understanding Through Discussion and Writing 


1. Explain a procedure that could be used to determine 
the measure of an angle’s supplement from the 
measure of the angle’s complement. [9.5c] 


2. How could you use the volume formulas given in 
Section 9.4 to help estimate the volume of an egg? 
[9.4a, b, c, e] 


3. Explain how the Pythagorean theorem can be used 
to prove that a triangle is a right triangle. [9.6c] 


4. Explain how you might use triangles 
to find the sum of the angle 
measures of this figure. [9.5e] 


5. The design of a home includes a cylindrical tower that 
will be capped with either a 10-ft-high dome (half of a 
sphere) or a 10-ft-high cone. Which type of cap would 
be more energy-efficient and why? [9.4c, d| 


6. Which occupies more volume: two spheres, each 
with radius r, or one sphere with radius 27? 
Explain why. [9.4c] 


Summary and Review: Chapter9 593 


CHAPTER 


For step-by-step test solutions, access the Chapter Test Prep Videos 
T t xtra in MyLab Math. 
es Help 


Find the perimeter and the area. 
1. 2. 


7.01 cm 43 in. 


Te 
9.4 cm 4¢in. 


Find the area. 


Se 4, 5. 4 ft 


6. Find the length of a diameter of this circle. 7. Find the length of a radius of this circle. 


8. Find the circumference of the circle in Exercise 6. Use 9. Find the area of the circle in Exercise 7. Use 3.14 for 7. 
= for 7. 
10. Find the perimeter and the area of the shaded region. 11. Find the volume. 


Use 3.14 for 7. 


= —<— 18.6 km <7 


| 


9.0 km 


I 

I 

I 

I 

I 

I 

I 

I 

I 

= 

P N 


10.5 cm 


12. A twelve-box rectangular carton of 12-0z juice boxes measures 105 in. by 8 in. by 5 in. What is the volume of the 
carton? 
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Find the volume. Use 3.14 for 7. 
13. 14. 


15 ft 


Use a protractor to measure each angle. 


16. 17. 18. 


19. 


20.—23. Classify each of the angles in Exercises 16-19 as right, straight, acute, or obtuse. 


Use the following triangle for Exercises 24-26. 24, 
H 25, 
10 10 26. 

A ES F 


27. Find the measure of a complement and a supplement 
of ZCAD. 


Find the missing angle measure. 


Classify the triangle as equilateral, isosceles, or 
scalene. 


Classify the triangle as right, obtuse, or acute. 


Test: Chapter 9 


595 


28. Simplify: V225. 29. Approximate to three decimal places: 87. 


For each right triangle, find the length of the side not given. Give an exact answer and, where appropriate, an approximation 
to three decimal places. Assume that c represents the length of the hypotenuse. 


30. a = 24, b = 32 31.a=2,c=8 


32. 38 


34. How long must a wire be in order to reach from the top 35. Find the volume of a sphere whose diameter is 42 cm. 
of a 13-m antenna to a point on the ground 9 m from the 


Wse == forma. 

base of the antenna? Round to the nearest tenth of a 7 

meter. A. 310,464 cm? B. 9702 cm? 
C. 1848 cm? D. 38,808 cm? 


SVINMCHCS1S 27 SS et ee ee ee FAIA ASOD a A doth cr ere I een etna he er he Rene BOO 4 pando! 
Find the area of the shaded region. (Note that the figures are not drawn in perfect proportion.) Give the answer in square feet. 
36. | 37. 
3 in. 
Sf 
"9 ; a le Syd >| 


Find the volume of the solid. (Note that the solids are not drawn in perfect proportion.) Give the answer in cubic feet. Use 
3.14 for 7 and round to the nearest thousandth in Exercises 39 and 40. 


38. pL 39. 


12ft S326 in. 
3 in. 


40. 
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CHAPTERS 


Cumulative Review 


Solve. 


1. The Arctic Sea. The Arctic sea surface freezes 
each winter, but the area that is still ice-covered in 
September has been decreasing. In 1979, 2.78 million 
square miles of the Artic sea surface remained 
ice-covered in September. In 2016, only 1.82 million 
square miles were ice-covered in September. Find 
standard notation for 2.78 million and for 
1.82 million. 


Data: National Geographic, April 2017, “Ice Is Melting Fast”; 
National Snow and Ice Data Center 


2. Firefighting. During a fire, the firefighters get a 1-ft 
layer of water on the 25-ft by 60-ft first floor of a 5-floor 
building. Water weighs 62 5 Ib per cubic foot. What is the 
total weight of the water on the floor? 


Calculate. 
il 2 
84 lS + VS 
2 3 


4. 120.5 — 32.98 
5. 22)27,148 


6. 8 + 45-249 +3 


22) (2) <2 + cosy 


8. 14+ [33 +1148 x%2—(15 = 3)j 


Find fraction notation. 


% i409) 10. 17% 


Use <,>,or = for to write a true sentence. 


5 py 7 5 a10) 
11. 6 8 ips, 18 12 
Complete. 
1g}, We = gi 14. 9sec = ___min 
15. 15°C = °F 16. 0.087L = ___ mL 
130) = ite 18. 17cm = ____m 
Solve. 
By. 3 7 
ICE ea SS 20. — = — 
PE imag De ai 
2 ae 
21. 25-x = 2835 19, SS 
ib 0 


110 cm 


24. Find the diameter, the circumference, and the area of 
this circle. Use # for 7. 


Cumulative Review: Chapters 1-9 597 


25. Find the volume of this sphere. Use ¥ for 7. : 32. What is the cost, in dollars, of 15.6 gal of gasoline at 
3 239.9¢ per gallon? Round to the nearest cent. 
35 in. 


33. A box of powdered milk that makes 20 qt costs $4.99. 
A box that makes 8 qt costs $1.99. Which size has the 
lower unit price? 


34. It is i km from Maria’s dormitory to the library. Maria 
started to walk from the dorm to the library, changed 
her mind after going i of the distance, and returned to 


Solve. the dorm. How far did she walk? 


26. To get an A in math, a student must score an average of 
90 on five tests. On the first four tests, the student’s scores 
were 85, 92,779, and 95. What is the lowest score that the 


student can get on the last test and still get an A? 35. Find the missing angle measure. 


27. What is the simple interest on $8000 at 4.2% for 
i year? 


36. Classify the triangle as equilateral, isosceles, or 


28. What is the amount in an account after 25 years if scalene. 


$8000 is invested at 4.2%, compounded annually? 


12 in. 12 in. 


29. How long must a rope be in order to reach from the : Tin. 
top of an 8-m tree to a point on the ground15m from — : 
the bottom of the tree? 


37. Classify the triangle in Exercise 35 as right, obtuse, or 


acute. 
30. The sales tax on an office supply purchase of $5.50 is 
$0.33. What is the sales tax rate? 
SYMUNGSIS® ence ee eee renee! 
: Find the volume in cubic feet. Use 3.14 for 7. 
31. A bolt of fabric in a fabric store has 103 yd on it. A 38. 39. , 
customer purchases 83 yd. How many yards remain on _— : 
the bolt? 
tA 14ft 
“r08t Zin. 4.6 in. 
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CHAPTER 


The Real Numbers 
Addition of Real Numbers 


Subtraction of Real 
Numbers 


Multiplication of Real 
Numbers 

Division of Real Numbers 
and Order of Operations 


Real Numbers 


In 1972, the West Indian manatee was placed on the U.S. endangered species 
list. A large percentage of the number of annual deaths of this species is due to 
human factors such as collision with watercraft, as illustrated in the accompanying 
graph. Since 1972, 

concerted efforts by Florida Manatee Mortalities 2016 
conservationists have led 

to a great enough increase 

in the number of manatees 

that the species may be 

reclassified as threatened 

instead of endangered. 


IB Undetermined 
Perinatal 

i Watercraft 
Natural 

HB Unrecovered 

BB Cold stress 
Other human 

{)) Flood gate/canal lock 


DATA: Florida Fish and Wildlife Conservation Commission 


We will calculate a percent decrease in the number 
of manatees in Example 20 of Section 10.5. 


STUDYING FOR SUCCESS Beginning to Study for the Final Exam 


{_) Take a few minutes each week to review highlighted information. 


{-] Prepare a few pages of notes for the course, then try to condense the notes to just one page. 


{-] Use the Mid-Chapter Reviews, Summary and Reviews, Chapter Tests, and Cumulative Reviews. 


OBJECTIVES 


a State the integer that 
corresponds to a real-world 
situation. 


iB) Graph rational numbers on 


the number line. 


fe Convert from fraction nota- 
tion for a rational number to 
decimal notation. 


ds Determine which of two real 
numbers is greater and indi- 
cate which, using < or >. 


e Find the absolute value of a 
real number. 
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The Real Numbers 


In this section, we introduce the real numbers. We begin with numbers called 
integers and build up to the real numbers. To describe integers, we start with 
the whole numbers, 0, 1, 2, 3, and so on. For each number 1, 2, 3, and so on, 
we obtain a new number to the left of zero on the number line: 


For the number 1, there will be an opposite number —1 
(negative 1). 

For the number 2, there will be an opposite number —2 
(negative 2). 

For the number 3, there will be an opposite number —3 
(negative 3), and so on. 


The integers consist of the whole numbers and these new numbers. We 
picture them on the number line as follows. 
Integers 
0, neither positive nor negative 


Negative integers Positive integers 
A 


| fi 
T T T 
=6=-5=-4=3-=2=1 0 123 4°35 6 


Opposites 


< 
we 


We call the integers to the left of zero negative integers. The natural 
numbers are called positive integers. Zero is neither positive nor negative. 
We call —1 and 1 opposites of each other. Similarly, —2 and 2 are opposites, 
—3 and 3 are opposites, —100 and 100 are opposites, and 0 is its own oppo- 
site. Opposite pairs of numbers like —3 and 3 are the same distance from 0. 
The integers extend infinitely on the number line to the left and right of zero. 


INTEGERS 


The integers: ..., —5, —4, —3, —2, -1,0,1,2,3,4,5,... 


fal INTEGERS AND THE REAL WORLD 


Integers correspond to many real-world problems and situations. The fol- 
lowing examples will help you get ready to translate problem situations that 
involve integers to mathematical language. 


EXAMPLE 1 Tell which integer corresponds to this situation: Baku, the 
capital of Azerbaijan, lies on the Caspian Sea. Its elevation is 28 m below 
sea level. 

Data: elevationmap.net 


Russia 


The integer —28 corresponds to the situation. The elevation is —28 m. B® 


EXAMPLE 2. Water Level. Tell which integer corresponds to this sit- 
uation: As the water level of the Mississippi River fell during the drought 
of 2012, barge traffic was restricted, causing a severe decline in shipping 
volumes. On August 24, the river level at Greenville, Mississippi, was 10 ft 
below normal. 

Data: Rick Jervis, USA TODAY, August 24, 2012 


The integer —10 corresponds to the drop in water level. @ 


EXAMPLE 3. Stock Price Change. Tell which integers correspond to 
this situation: Hal owns a stock whose price decreased $16 per share over 
a recent period. He owns another stock whose price increased $2 per share 
over the same period. 

The integer —16 corresponds to the decrease in the value of the first 
stock. The integer 2 represents the increase in the value of the second stock. 


Do Exercises 1-5. > 


Tell which integers correspond to 
each situation. 


1. 


Temperature High and 

Low. The highest recorded 
temperature in Illinois is 
117°F on July 14, 1954, in East 
St. Louis. The lowest recorded 
temperature in Illinois is 36°F 
below zero on January 5, 1999, 
in Congerville. 

Data: Prairie Research Institute, 


University of Illinois at 
Urbana-Champaign 


. Stock Decrease. The price of 


a stock decreased $3 per share 
over a recent period. 


. At 10 sec before liftoff, ignition 


occurs. At 148 sec after liftoff, 
the first stage is detached from 
the rocket. 


. The halfback gained 8 yd on 


first down. The quarterback 
was sacked for a 5-yd loss on 
second down. 


. A submarine dove 120 ft, rose 


50 ft, and then dove 80 ft. 


Answers 


1. 117; -36 2. —-3 3. —10; 148 
4. 8;-5 5. —120; 50; —80 
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Graph each number on the 


number line. 
7 
6. —-z 
2 
i i | | | | i i | i i f i 
T T T if T fi T sf T T T T T 
-6-5-4-3-2-1 0123 45 6 
T. 14 
SS ee 
~6-5-4-3-2-1 012345 6 
11 
8. —— 
4 
| i | | | | i | | i | | | 
T T T T T T T T T T T T i 
~6-5-4-3-2-1 0 12 3 4 5 6 
Answers 
6. aah 
2 
<t+He +4 > 
—6-5—4-3-2-1 0 1 2 3 5 6 
7, 14 
+++ ‘e+ 
~6-5-4-3-2-10 123456 
8. _u 
4 
——<s —— > 
~6-5-4-3-2-10 123456 
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Real Numbers 


bd THE RATIONAL NUMBERS 


Fractions such as 5 are not integers. The set of rational numbers contains 
both integers and fractions that are not integers. The rational numbers con- 
sist of quotients of integers with nonzero divisors. The following are some 
examples of rational numbers: 


2 ae 4, —3, 0, et 2.4, —0.17, 105 


3 3 V —8 


2 


The number —3 (read “negative two-thirds”) can also be named = or 4; 


that is, 


b b —b 


The number 2.4 can be named # or ¥, and —0.17 can be named —74. We can 
describe the set of rational numbers as follows. 


RATIONAL NUMBERS 


The set of rational numbers consists of all numbers that can be named 


in the form a where a and b are integers and b is not equal to 0 (b # 0). 


Note that this new set of numbers, the rational numbers, contains the 
whole numbers, the integers, the arithmetic numbers (also called the non- 
negative rational numbers), and the negative rational numbers. 

We picture the rational numbers on the number line, as follows. 


Negative rational 0 Positive rational 
numbers numbers 
A A 
3 
=n) LS 4 
t +-@—}+—e— t—e— $ 
a 0 1 2 3 4 


To graph a number means to find and mark its point on the number line. 
Some rational numbers are graphed in the preceding figure. 


EXAMPLES Graph each number on the number line. 
4. -3.2 The graph of —3.2 is a of the way from —3 to —4. 
-32 


2 a a ee 
-4 -3 -2 -1 O 1 2 


13 
5. — The number ¥ can also be named 13, or 1.625. The graph is 3 of 


the way from 1 to 2. 


<@ Do Exercises 6-8. 


ic NOTATION FOR RATIONAL NUMBERS 


Convert from fraction notation to decimal notation. [4.5a| 


Convert to decimal notation. 
17 7 
il, = By = 
8 ill 


MyLab Math 
VIDEO 


Each rational number can be named using either fraction notation or decimal 
notation. Decimal notation for rational numbers either terminates or repeats. 


Answers: 1. 2.125 2.0.63 


EXAMPLE 6 Convert to decimal notation: —3. 


We first find decimal notation for 3. Since 3 means 5 ~ 8, we divide. 


0.625 
8) 5.000 
48 
20 
16 
40 
40 
0 
Thus, } = 0.625, so —3 = —0.625. The notation —0.625 is a terminating 
decimal. o 


EXAMPLE 7 Convert to decimal notation: —3. 


We first find decimal notation for 3. Pind decimal aetaiion 


OTT 9, 2 
9 ),7.0 0 "8 
Ms 
70 ce 
63 ab 
7 
Writing a bar over the repeating digit, we see that i = 0.7, so —i = -0.7. pes) 11. e 
The notation —0.7 is a repeating decimal. B 3 
om... 
3) 4.00 
Each rational number can be expressed in either terminating decimal a 
notation or repeating decimal notation. 10 
The following are other examples showing how rational numbers can be bo 
named using fraction notation or decimal notation: = 
1 
0 27 3 13 = 
0=- + —~ = 0.2 —8— = —8.75 —-— = -2.16. 4 
8° 100 iy 4 = 6 Thus, iz 
Do Exercises 9-11. D 
Answers 
9. —0.375 10. —0.54 11. 1.3 
Guided Solution: 
11. 1, 3,931.3 


SECTION 10.1 The Real Numbers 
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Real Numbers 


da THE REAL NUMBERS AND ORDER 


Every rational number corresponds to a point on the number line. However, 
not every point on the line corresponds to a rational number. Many points 
correspond to what are called irrational numbers. Some examples of irratio- 
nal numbers are 7 and V2. 

Decimal notation for rational numbers either terminates or repeats. 
Decimal notation for irrational numbers neither terminates nor repeats. 
Some other examples of irrational numbers are V3, -V8, VII, and 
0.121221222122221.... Whenever we take the square root of a number that is 
not a perfect square (see Section 9.6), we get an irrational number. 


Irrational numbers 


ey 
La) 


{ { Real numbers 
1 2 3 


Rational numbers 


THE REAL-NUMBER SYSTEM 


The rational numbers and the irrational numbers together correspond to 
all the points on the number line and make up the real-number system. 


The real numbers consist of the rational numbers and the irrational 
numbers. The following figure shows the relationships among various kinds 
of numbers. 


Positive integers: 
INGO eres 


Negative integers: 
Rational numbers =I, = 2, =Bhyo oe 
Rational numbers that are not 
Real inva 2,2. 2 =! ao over 
numbers BB Fo Re a0 oe elon 


Irrational numbers: V2, 7, —V3, V13, 5.363663666...,... 


Order 


Real numbers are named in order on the number line, increasing as we move 
from left to right. (See Section 1.6.) For any two numbers on the line, the one 
on the left is less than the one on the right. 


8<6 


I ] 
0-8 =f 6-5 423-21 1 2 3 4/5 G7 8 8 
Lag5<7-1 


We use the symbol < to mean “is less than.” The sentence —8 < 6 
means “—8 is less than 6.” The symbol > means “is greater than.” The sen- 
tence —3 > —7 means “—3 is greater than —7.” 


EXAMPLES Use either < or > for 


to write a true sentence. 


8 -7[] 3 Since —7 is to the left of 3, we have —7 < 3. 

9. 6| |—-12 Since 6 is to the right of —12, we have 6 > —12. 
10. —18| |—-5 Since —18 is to the left of —5, we have —18 < —5. 
11. —2.77) -3 The answer is —2.7 < —3. 

3 
-27 -F 
+-e—}—*—+ t t t t 
= a es a es ey a | 
12. —4[_|0 The answer is —4 < 0. 
13. 5.8[_]O The answer is 5.8 > 0. 
14.301¢ We convert to decimal notation: 3} = 0.625 and 


1 = 06363.... Thus, < 2. 


(@) ABSOLUTE VALUE 


From the number line, we see that numbers like 4 and —4 are the same dis- 
tance from zero. We call the distance of a number from zero on the number 
line the absolute value of the number. Because distance is always nonnega- 
tive, the absolute value of a number is always nonnegative. 


The distance of 


Do Exercises 12-19. D> 


The distance of 


—4 from 0 is 4. 4 from 0 is 4. 
The absolute value The absolute value 
of —4 is 4. of 4 is 4. 
— LS ZL — 
-4 0 4 
A 
wi 
4 units 4 units 


ABSOLUTE VALUE 


The absolute value of a number is its distance from zero on the 
number line. We use the symbol |x| to represent the absolute 


value of a number x. 


FINDING ABSOLUTE VALUE 


a) If a number is negative, its absolute value is its opposite. 
b) Ifa number is positive or zero, its absolute value is the same 


as the number. 


EXAMPLES Find the absolute value. 
15. 
16. 
M7. 
18. 
19. 


L=7)| The distance of —7 from 0 is 7, so |—7| = 7. 
| 12 | The distance of 12 from 0 is 12, so |12| = 12. 
|0| The distance of 0 from 0 is 0, so |0| = 0. 

[3] = 3 

| —2.73| = 2.73 


Do Exercises 20-24. D> 


SECTION 10.1 


Use either < or > for| |to write a 

true sentence. 

12. —3| |7 

13. —8|_|-5 

14. 7|_|-10 

15. 3.1|_ | -9.5 

16. —4.78[_]—5.01 
2 

Ven s| 1 
3 
1d) 93 

18. ——|_|— 

q 8 15 

19. O| |-9.9 

Find the absolute value. 

20. |8| 21. |-9| 
5 

22; |-5| 23. |5.6| 
3 

24. |0| 

Answers 


w< 1326< 14> 15. > 
16. > 17.> 18 < 19> 


20.8 21.9 22. 2 23. 5.6 24. 0 
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VY Check Your Understanding 


Reading Check Determine whether each statement is true or false. 


RC1. Every integer is a rational number. 
RC2. Some numbers are both rational and irrational. 


RC3. The absolute value of a number is never negative. 


Concept Check Match each number with its graph from the number line below. 


A KET i Cae GB D 18 
ee ee es [es 5 ss cn mi ns (eo 
10 -5 0 5 10 
5 0 17 = 
(CCL, =2 7 CC2. ae (OCs, =225) CC4. = Ces, |—4| CC6. 3.4 
a State the integers that correspond to each situation. 

1. On Wednesday, the temperature was 24° above zero. 2. A student deposited her tax refund of $750 in a savings 
On Thursday, it was 2° below zero. account. Two weeks later, she withdrew $125 to pay 

technology fees. 

3. Temperature Extremes. The highest temperature 4. Extreme Climate. Verkhoyansk, a river port in 
ever created in a lab is 7,200,000,000,000°F. The lowest northeast Siberia, has the most extreme climate on 
temperature ever created is approximately 460°F the planet. Its average monthly winter temperature is 
below zero. 58.5°F below zero, and its average monthly summer 


temperature is 56.5°F. 
Data: The Guinness Book of World Records 


Data: Live Science; The Guinness Book of World Records 


5. Architecture. The Shanghai Tower in Shanghai, 6. Sunken Ships. There are numerous sunken ships to 
China, has a total height of 2073 ft. The foundation explore near Bermuda. One of the most frequently 
depth is 282 ft below ground level. visited sites is the Hermes, a decommissioned freighter 


that was sunk in 1985 to create an artificial reef. This 
ship is 80 ft below the surface. 


Data: travelchinaguide.com 


Data: skin-diver.com 
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bd Graph each number on the number line. 


10 17 
7. (tt tt tet 8. ed ae Ce as 
3 -~6-5-4-3-2-1 012345 6 4 -6-5-4-3-2-1 012345 6 
6 
9, —5.2 t—+—_+—_+—_}—_}_ +++ 10. 2 t—+—_+—_}—_}+—_}+—_}—_ +++ ++ + +4 
-6-5-4-3-2-1 0123 45 6 11 -~6-5-4-3-2-1 012345 6 


ic Convert to decimal notation. 


i a 13. > 4. > ae i 
"8 " 8 “6 "3 "6 “12 
1 3 7 . 

7.5 18. 7 19. == 20. — 2 21. —85— 22. —97— 


da Use either < or > for |_| to write a true sentence. 


23. 8[_]0 24. 3[_]0 25. —8[ ]3 26. 6[_]—6 27. -8[ |8 
28. O[_]-9 29. —8[_ |-5 30. —4[_]-3 31. —5[_]-11 32. —3[_|-4 
33. —6[]-5 34. —10[ ]—-14 35. 2.14[ ]1.24 36. —3.3[_]-2.2 37. —14.5[ ]0.011 
5 3 5 11 5 —11 13 5 
. 17.2[_]-1.67 . —12=[ ]-6= . -7—L]-3— —[J— . -—[L]-= 
38. 17 39 eu 63 40 Tig 376 4 i 9s 42 6 


e Find the absolute value. 


43. |-3| 44. |-7| 45. |18| 46. |0| 47. |325| 4s. |—4| 
4 2 10 0 

49. |—3.625 (lS 1. |-= 2. |-— — 4. |14.8 

| | " | 5 zs | 4 : | 7 ae H silica 


SKALL Matte manne oii cccccccccccccccccccceccccecseevsesevsevevsevevsvesvavsevavsevevsevesevevatesvavssavssvsvitevatvevsvievevieeavseses 


Find the prime factorization. [2.1d] 


55. 102 56. 260 57. 864 

6 egress icesr reasons coast ye coccecap a enscs a ve aera eo aed se re ten mieten enone 
Use either <, >, or = for [_] to write a true sentence: 

58. |—-5 |[_]|-2| 59. |4|[_]|—7| 60. |—8|[]|8| 
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10. 


OBJECTIVES 


fa) Add real numbers without using 


the number line. 


2 


@ Find the opposite, or additive 
inverse, of a real number. 


Add using the number line. 
1. 0 + (-3) 


Answers 
1-3 2-3 3..—5 
44 50 6 -2 
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Addition of Real Numbers 


In this section, we consider addition of real numbers. First, to gain an under- 
standing, we add using the number line. Then we consider rules for addition. 


ADDITION ON THE NUMBER LINE 


To do the addition a + b on the number line, start at 0, move to a, and 
then move according to b. 

a) If b is positive, move from a to the right. 

b) If 5 is negative, move from a to the left. 

c) If b is 0, stay at a. 


EXAMPLE 1 Ada: 3 + (—5). 


We start at 0 and move to 3. Then we move 5 units left since —5 is 
negative. 


= 3 + (-5) = -2 
| 3 | 
| — 
| | | 
ad 
-9 -8 -7 -6 -5 -4 -3 -2-1 0 12 3 4 5 67 8 9 Oo 


EXAMPLE 2 Add: —4 + (-3). 


We start at 0 and move to —4. Then we move 3 units left since —3 is 
negative. 


= —4+(-3) =-7 
awe 
PSS eee ee Se err ee ee ee a 
EXAMPLE 3 Add: —4 + 9. 
9 -44+9=5 
a | 
387-654 3210123456789 w 
EXAMPLE 4 Add: —5.2 + 0. 
|Stay at ~5.2. —5.2+0=-52 
S32 
| | 
tt tt tt tt tt 
-9 -§ -7 -6 Is -4 -3 -2-1 0 123 45 678 9 


«@ Do Exercises 1-6. 


a ADDING WITHOUT THE NUMBER LINE 


Add using fraction notation. {3.2a| 


Add. 
i 2 13 S) 
1k Sa ey —— 
6 «9 310) lis} 
7 Bo) 
Answers: Log a5 


MyLab Math 
VIDEO 


You may have noticed some patterns in the preceding examples. These lead 
us to rules for adding without using the number line. 


RULES FOR ADDITION OF REAL NUMBERS 


1. Positive numbers: Add the same way as we do arithmetic 
numbers. The answer is positive. 


2. Negative numbers: Add absolute values. The answer is negative. 
3. A positive number and a negative number: 
e If the numbers have the same absolute value, the answer is 0. 


e If the numbers have different absolute values, subtract the 


Add without using the number line. 
smaller absolute value from the larger. Then: 


7. —5 + (-6) 8. —9 + (-3) 
a) If the positive number has the greater absolute value, the 
answer is positive. 9. —4+ 6 10. -7 + 3 
b) If the negative number has the greater absolute value, the HW. 5+ (-7) 354-95 
answer is negative. 
4. One number is zero: The sum is the other number. 13. -11 + (-11) 14. 10 + (-7) 
Rule 4 is known as the identity property of 0. It says that for any real 15. —0.17 + 0.7 16. —6.4 + 8.7 


number a,a + 0 = a. 


EXAMPLES Add without using the number line. 
5. —12 + (-7) = -19 Two negatives. Add the absolute values, 12 and 7, 
getting 19. Make the answer negative, —19. 


5 7 
19, —+[(-—= 
6 —14+4+ 85 = 7.1 One negative, one positive. The absolute 9 ( 2) 
values are 1.4 and 8.5. The difference is 7.1. 
The positive number has the larger absolute 


value, so the answer is positive, 7.1. cs) il 3 
7. —36 + 21 = —-15 One negative, one positive. The absolute 20; 5 - a7 
values are 36 and 21. The difference is 15. 4 
The negative number has the larger absolute == 20 ar (- 70 ) 
value, so the answer is negative, —15. 
8. 1.5 + (-1.5) =0 The numbers have the same absolute value. eee 
The sum is 0. 
a : i. Ld 
9, --~+0=-— One number is zero. The sum is — -. 
8 8 8 
10. —9.2 + 3.1 = -6.1 Answers 
+ © 6 7-11 8-12 92 10. -4 
VW. --+>=2-=3 11. -2 12.0 13. -22 14.3 
2 2 2 15. 0.53 16.2.3 17. -7.7 18 —62 
2 5 16 15 1 = ai? 
ar ey aoa) m9 ~ 0 
Guided Solution: 


Do Exercises 7-20. > 20. 15, 20 
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Add. 


21. (—15) + (-37) +25 + 42 
44) 


22. 42 + (-81) + (—28) + 24 
18 + (—31) 


23. —2.5 + (-10) + 6 + (-7.5) 


24, -35 +17 + 14 + (-27) 4 
31 + (-12) 


Find the opposite, or additive 
inverse, of each number. 


25. —4 26. 8.7 
8 
27. —7.74 28.. == 
9 
29. 0 30. 12 
Answers 


21. —58 22. —56 23. -—14 24. -12 
8 

25.4 26. —8.7 27. 7.74 28. 9 

29. 0 30. —12 
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The commutative and associative laws hold for real numbers. Thus, we 
can change grouping and order as we please when adding several numbers. 
For instance, we can group the positive numbers together and the negative 
numbers together and add them separately. Then we add the two results. 


EXAMPLE 13 Add: 15 + (—2) + 7 + 14 + (—5) + (—12). 

a) 15+ 7+ 14 = 36 Adding the positive numbers 

b) —2 + (-5) + (-12) = -19 Adding the negative numbers 
c) 36 + (-19) = 17 Adding the results in (a) and (b) 


We can also add the numbers in any other order we wish—say, from left 
to right as follows: 


15 + (-2) + 7+ 14+ (-5) + (-12) = 13 + 7+ 14 + (-5) + (-12) 
= 20+ 14+ (-5) + (-12) 
= 34 + (5) + (-12) 

29 + (-12) 
17 


«@ Do Exercises 21-24. 


b OPPOSITES, OR ADDITIVE INVERSES 


Suppose that we add two numbers that are opposites, such as 6 and —6. 
The result is 0. When opposites are added, the result is always 0. Opposites 
are also called additive inverses. Every real number has an opposite, or 
additive inverse. 


OPPOSITES, OR ADDITIVE INVERSES 


Two numbers whose sum is 0 are called opposites, or additive inverses, 
of each other. 


EXAMPLES Find the opposite, or additive inverse, of each number. 
14, 34 The opposite of 34 is —34 because 34 + (—34) = 0. 
15. —8 The opposite of —8 is 8 because —8 + 8 = 0. 


16. 0 The opposite of 0 is 0 because 0 + 0 = 0. 
17. -£ The opposite of — Lis“ because -2 + / = 0 
aa € opposite of —— is 5 because —5 + 5 = 0. 


@ Do Exercises 25-30. 


To name the opposite, we use the symbol —, as follows. 


SYMBOLIZING OPPOSITES 


The opposite, or additive inverse, of a number a can be named —a 
(read “the opposite of a,” or “the additive inverse of a’). 


Note that if we take a number, say, 8, and find its opposite, —8, and then 
find the opposite of the result, we will have the original number, 8, again. 


THE OPPOSITE OF THE OPPOSITE 


The opposite of the opposite of a number is the number itself. (The 
additive inverse of the additive inverse of a number is the number 
itself.) That is, for any number a, 


—(-a) =a. 


EXAMPLE 18 Evaluate —x and —(—x) when x = 16. 
We replace x in each case with 16. 

a) If x = 16, then —x = —16 = —16. 

b) If x = 16, then —(—x) = —(-—16) = 16. 


The opposite of 16 is —16. 


The opposite of the 
opposite of 16 is 16. @ 


EXAMPLE 19 Evaluate —x and —(—x) when x = —3. 
We replace x in each case with —3. 
a) If x = —3, then —x = —(—3) = 3. 
b) If x = —3, then —(—x) = —(-—(-3)) = —-(3) = —3. B 


Note that in Example 19 we used an extra set of parentheses to show 
that we are substituting the negative number —3 for x. Symbolism like — —x 
is not considered meaningful. 


Do Exercises 31-34. > 


A symbol such as —8 is usually read “negative 8.” It could be read “the 
additive inverse of 8,” because the additive inverse of 8 is negative 8. It could 
also be read “the opposite of 8,” because the opposite of 8 is —8. Thus, a 
symbol like —8 can be read in more than one way. A symbol like —x, which 
has a variable, should be read “the opposite of x” or “the additive inverse 
of x” and not “negative x,” because we do not know whether x represents a 
positive number, a negative number, or 0. 

We can use the symbolism —a to restate the definition of opposite, or 
additive inverse. 


OPPOSITES, OR ADDITIVE INVERSES 


For any real number a, the opposite, or additive inverse, of a, 
denoted —a, is such that 


a+ (~—a) = (-a) + a=0. 


Signs of Numbers 


A negative number is sometimes said to have a “negative sign.” A positive 
number is said to have a “positive sign.” When we replace a number with its 
opposite, we can say that we have “changed its sign.” 


EXAMPLES Change the sign. (Find the opposite.) 


2 2 2 
20. -3 -(-3) =3 1 -(-2) SET 
22. 0 -(0)=0 23. 14 -(14) =-14 


Do Exercises 35-38. D> 


SECTION 10.2 


Evaluate —x and —(—x) when: 
31. x = 14. 


| 
| 
— 
~~ 
lI 
| 
— 
a 


9 
4.x%=-—. 
34. x 3 


Negative Numbers On many 
calculators, we can enter negative 
numbers using the[+/— | key. This 
allows us to perform calculations 
with real numbers. On some 
calculators, this key is labeled [(—)]. 
To enter —8, for example, we press 
8|[+/— |. To find the sum —14 + 
(—9), we press [1 ][4][+ ][+][9 
+/— ||=]. The result is —23. 
Note that it is not necessary to use 
parentheses when entering this 
expression. 


EXERCISES: Add. 
L£<02417 

2.3 + (-11) 

3. -2.8 + (—10.6) 


Find the opposite. (Change the sign.) 


35. —4 36. —13.4 
1 

37. 0 38. — 
4 

Answers 

31. —14;14 32. 1.6; —-1.6 

2 2 9 9 
33. Gig 34, 3° 8 35. 4 


1 
36. 13.4 37.0 38. re 


Guided Solution: 
32. —1.6; —1.6, 1.6 
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v Check Your Understanding 


Reading Check Choose the word or words from the list on the right to complete each sentence. 


Words may be used more than once or not at all. 


RC1. To add —3 + (-—6), 


answer 


R@ZSihowdde lisse: 


RC3. The sum of two numbers that are 


FOR 
EXTRA @ MyLab Math 
HELP 


3 and 6 and make the 


is 0. 


RC4. The addition —7 + 0 = —7 illustrates the 


property of 0. 


5 from 11 and make the answer 


add 
subtract 
opposites 
identity 
positive 


negative 


Concept Check Fill in each blank with either “left” or “right” so that the statements describe the steps 


when adding numbers using the number line. 


CCl. To add 7 + 2, start at 0, move 


The sum is 9. 


CC2. To add —3 + (—5), start at 0, move 
The sum is —8. 


CC3. To add 4 + (—6), start at 0, move 


The sum is —2. 


CC4. To add —8 + 3, start at 0, move 
The sum is —5. 


to 7, and then move 2 units 


to —3, and then move 5 units 


to 4, and then move 6 units 


to —8, and then move 3 units 


a= Add. Do not use the number line except as a check. 


1. 2+ (-9) 2. -5+2 
6. 8 + (-8) 7. —3 + (-5) 
11. 0 + (-27) 12. 0 + (—35) 
16. -—24 + (-17) 17. 18 + (—18) 
21. 8 + (-5) 22, -7 +8 
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13. 


18. 


23. 


. —114+5 


. -4 + (-6) 


17 + (-17) 


—13 + 13 


—4 + (-5) 


4. 4 + (-3) 


14. 


19. 


24. 


.-7+0 


15.4 15 


—28 + 28 


10 + (—12) 


10. 


15. 


20. 


25. 


. —6+6 


—-13 +0 


iT + (25) 


11 + (—11) 


13 + (-6) 


Copyright © 2019 Pearson Education, Inc. 


26. -3 +14 27. —25 + 25 28. 50 + (—50) 29. 53 + (-18) 30. 75 + (—45) 


3 2 

31. -8.5 4+ 4.7 32. —4.6 + 1.9 33. —2.8 + (—5.3) 34, —7.9 + (-6.5) 35. =. 2 
A, =e 37 -2+(-3) 38 -2+(-$) a, 22 a ie 

“3° 3 9 9 7 7 8 4 6 
41. -3+(-2) 42 - +(-2) 43. eee 44 ae 

“8 6 * 6 9 “8 12 “16 8 
45. —5.7 + (-7.2) + 6.6 46. —10.3 + (—7.5) + 3.1 47 7 +(-3) 48 ert 

. —5. (-7.2) ; : } (-7.5) : "55 r et Ga 
49, 76 + (—15) + (-18) + (-6) 50. 29 + (—45) + 18 + 32 + (—96) 

3 5 

51. -44+(-2) +95 +(~3) 52. 24 + 3.1 + (—44) + (—8.2) + 63 


b Find the opposite, or additive inverse. 


53. 24 54. —64 55. —26.9 56. 48.2 


Evaluate —x when: 


13 1 

7. x = 8. . x = —27. 92 x= -— 0x = =. 
57. x 58. x 7 59, x 8 60. x 736 
Evaluate —(—x) when: 

4 

61. x = —43. 62. x = 39. 63. x = ry 64. x = —7.1. 
Find the opposite. (Change the sign.) 
65. —24 66. —12.3 67. -; 68. 10 
SS PRTUN, PV eWIU RINNE acre ec fas tacez tats ivsisb nein tts ehvts chang ake abachdaqsed coated etgedabencledaeus Mise ededaedghcardeseacto oes 
Find the LCM. [3.1a] 
69. 18, 24 70. 48, 96 71. 48, 56, 64 72. 12, 36, 84 
BONEN SS exces hecho egal Nn acacia dae bi Seas cele neler 
73. For what numbers x is —x positive? 74. For what numbers x is —x negative? 
Tell whether each sum is positive, negative, or zero. 
75. Ifn = mand nis negative, then —n + (—m) is 76. If is positive and m is negative, then —n + mis 
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10.3 


OBJECTIVES 
fa] Subtract real numbers and 
simplify combinations of 
additions and subtractions. 


Db Solve applied problems 
involving addition and 
subtraction of real numbers. 


Subtract. 
1. -6-4 


Think: What number can be 
added to 4 to get —6: 


+4= -6? 


2. —7 — (-10) 
Think: What number can be 
added to —10 to get —7: 


+ (-10) = -72 


3. —7 — (-2) 
Think: What number can be 
added to —2 to get —7: 


+ (-2) = -72 


Subtract. Use the number line, 
doing the “opposite” of addition. 


4.5-9 


Answers 


1-10 2.3 3.-5 
4.-4 5.-5S 6-1 
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Subtraction of Real Numbers 


(@) SUBTRACTION 


We now consider subtraction of real numbers. 


SUBTRACTION 


The difference a — b is the number c for whicha = b + c. 


Consider, for example, 45 — 17. Think: What number can we add to 17 
to get 45? Since 45 = 17 + 28, we know that 45 — 17 = 28. Let’s consider 
an example whose answer is a negative number. 


EXAMPLE 1 Subtract: 3 — 7. 


Think: What number can we add to 7 to get 3? The number must be 
negative. Since 7 + (—4) = 3, we know the number is —4: 3 — 7 = —4. 
That is, 3 — 7 = —4 because 7 + (—4) = 3. 


«@ Do Exercises 1-3. 


The definition above does not provide the most efficient way to do 
subtraction. We can develop a faster way to subtract. As a rationale for the 
faster way, let’s compare 3 + 7 and 3 — 7 on the number line. 

To find 3 + 7 on the number line, we start at 0, move to 3, and then 
move 7 units farther to the right since 7 is positive. 


To find 3 — 7, we do the “opposite” of adding 7: We move 7 units to 
the /eft to do the subtracting. This is the same as adding the opposite of 7, 
—7, to 3. 


| | 

4 t-+++++ 4 | [+4 

-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 
» 

3-7=34+(-)N=-4 


< Do Exercises 4-6. 


Reaktor a patieniin SUBTRACTING ADDING AN OPPOSITE 
the examples shown 


at right. 5-8=-3 5 + (-8) = -3 
-6-4=~-10 —6 + (-4) = -10 
(-2) = -5 7+2=-5 


Do Exercises 7-10. > 


Perhaps you have noticed that we can subtract by adding the opposite of 
the number being subtracted. This can always be done. 


SUBTRACTING BY ADDING THE OPPOSITE 


For any real numbers a and b, 


a-—b=a+(-b). 


(To subtract, add the opposite, or additive inverse, of the number 
being subtracted.) 


This is the method generally used for quick subtraction of real numbers. 


EXAMPLES Subtract. 


The opposite of 6 is —6. We 
change the subtraction to 
addition and add the opposite. 
Check: —4 + 6 = 2. 


3. 4-—(-9) =4+9=13 The opposite of —9 is 9. We 
change the subtraction to 
addition and add the opposite. 


Check: 13 + (—9) = 4. 


4. —4.2 4.2 + 3.6 = —0.6 


(3.6) = Adding the opposite. 


Check: —0.6 + (—3.6) = —42. 
— (-2)- a Adding th it 
5 ji a7 4 ing the opposite. 
cua b+(-2) = 
ee gh ae 
4°4 4 


Do Exercises 11-16. D> 


EXAMPLES Subtract by adding the opposite of the number being subtracted. 
6. 3-5 Think: “Three minus five is three plus the opposite of five” 
3-5=3+(-5)=-2 


7 Think: “One-eighth minus seven-eighths is one-eighth plus 
8 the opposite of seven-eighths” 
7 
8 


Think: “Negative four point six minus negative 
nine point eight is negative four point six plus the 
opposite of negative nine point eight” 


46+ 9.8 = 5.2 


6 — (-98) = 


7 Think: “Negative three-fourths minus seven-fifths is 

5 negative three-fourths plus the opposite of seven-fifths” 
7 
5 


3 ( r 15 ( 28 ) 43 
=->+(-2]= + = 
4 5 20 20 20 


Do Exercises 17-21. D> 


SECTION 10.3 


B® ». 12 


Complete the addition and compare 
with the subtraction. 


7.4-6= -2; 
4+ (-6) = 
8 -—3 -—8 = -11; 
—3 + (-8) = 
9, -—5 — (-9) =4; 
—-5+9= 
10. —5 — (-3) = —2; 
=5°° 3S." 
Subtract. 


ED 2-8 = 2+ )= 


2. -6 — 10 
13. 12.4-—53 
14, -8 — (-11) 
15. —8 — (-8) 


Subtract by adding the opposite of 
the number being subtracted. 


V7... 3°11. 


18. 12 —5 


(eee 


20. —12.4 — 10.9 


Answers 

7.-2 8-11 94 10. -2 IL —6 
12. -16 13.7.1 14.3 15.0 16 - 
17. -8 18.7 19. —3 20. —23.3 21. 0 


Guided Solutions: 
11. —8;-6 19. 9;-3 
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Subtraction of Real Numbers 


When several additions and subtractions occur together, we can make 
them all additions. 


EXAMPLES Simplify. 
10. 8 — (—4) —2-— (-4) +2 =8+4+(-2)+4+4+2 Adding the 
= 16 opposite 


11. 8.2 — (-6.1) + 23 — (—4) =824+61+23+4 = 206 
ae ( 1) 5 | ar 2) 
4 Oy 6 3 4° 6 3 
9 1 (-22) ( s) 
=—+— 4+ + 
12° 12 12 12 


9 + 1+ (-10) + (-8) 


Simplify. 
22. —6 — (—2) — (-4) - 12 +3 = 


12 
93, 2 4 (-t)+2 5 «=8-. 8. 22 
3 5 15 10 2 12 12 3 
24. —9.6 + 7.4 — (—3.9) — (-11) @ Do Exercises 22-24. 


Db APPLICATIONS AND PROBLEM SOLVING 


Let’s now see how we can use addition and subtraction of real numbers to 
solve applied problems. 


EXAMPLE 13 Surface Temperatures on Mars. Surface temperatures 
on Mars vary from —128°C during polar night to 27°C at the equator during 
midday at the closest point in orbit to the sun. Find the difference between 
the highest value and the lowest value in this temperature range. 

Data: Mars Institute 


25. Temperature Extremes. The 
highest temperature ever 
recorded in the United States 
is 134°F in Greenland Ranch, 
California, on July 10, 1913. 
The lowest temperature ever 
recorded is —80°F in Prospect 
Creek, Alaska, on January 23, 


We let D = the difference in the temperatures. Then the problem trans- 
lates to the following subtraction: 


1971. How much higher was Difference in Highest Lowest 
the demperatune ins Greemiand temperature is temperature minus temperature 
Ranch than the temperature in = a i — 
Prospect Creek? V 

Data: National Oceanographic and _ — 27 > ( —128) 
Atmospheric Administration D = 27 + 128 = 155. 


The difference in the temperatures is 155°C. 


«@ Do Exercise 25. 


Answers 


22. —9 23. -° 24. 12.7 25. 214°F 
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FOR 
EXTRA @) MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Choose the word from the list on the right to complete each sentence. Words may be used more 


than once or not at all. 


RCI. The number 3 is the Git =), difference 

RC2. To subtract, we add the of the Opposite 
number being subtracted. reciprocal 

RC3. The word usually translates to ae 
subtraction. 


Concept Check Match the expression with an expression from the column on the right that names the same 


number. 

CCl. 18 — 6 a) 18+ 6 

C@2, =18 = 6) De ane 

c) 18 + (—6) 

(CEA, =18 = © 18-5 (6) 

CC4. 18 — (—6) 
a Subtract. 
L. 3-7 2. 5-10 3.0-7 4.0-8 
5. —8 — (-2) 6. —6 — (—8) 7. —10 — (10) 8 —8 — (-8) 
9. 12 — 16 10. 14 — 19 11. 20 — 27 12. 26 —7 
13. —9 — (-3) 14. —6 — (-9) 15. —11 — (-11) 16. —14 — (-14) 
17. 8 — (-3) 18. -—7-—4 19. -6-8 20. 6 — (—10) 
21. —4 — (-9) 22. -14- 2 23.2-9 24, 2-8 
25. 0-5 26. 0 — 10 27. —5 — (—2) 28. —3 — (-1) 
29. 2 — 25 30. 18 — 63 31. —42 — 26 32. —18 — 63 
33. —71 —2 34. —49 — 3 35. 24 — (—92) 36. 48 — (—73) 

3 5 3 9 

7, —2.8—-—0 . 6.04 — 1.1 .-- > 40. — - — 
3 38. 39. 8 8 0 9 9 
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8 
41. re 
8 4 


eC) «EC 
“8 4 "4 3 


49. —3.2 —5.8 50. —2.7 — 5.9 
53. 3 — 5.7 54. 5.1 — 3.02 
t .2 3 1 
S15 a= S25 
= ss. --(-1) 
7 10 4 2 
<i 45 oe -< -(-2) 
Simplify. 


65, 18 — (-15) — 3 — (-5) +2 


67. —31 + (-28) — (-14) -— 17 


69, —93 — (-84) — 41 — (-56) 


m1. —5 — (—30) + 30 + 40 — (—12) 


73. 132 — (-21) + 45 — (-21) 


b Solve. 


75. Difference in Elevation. The highest elevation in 
Japan is 3776 m above sea level at Fujiyama. The 
lowest elevation in Japan is 4 m below sea level at 
Hachirogata. Find the difference in the elevations. 


Data: The CIA World Factbook 2012 


77. Temperature Changes. One day the temperature 
in Lawrence, Kansas, is 32° at 6:00 a.m. It rises 15° 
by noon, but falls 50° by midnight when a cold front 
moves in. What is the final temperature? 
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43. 


47. 


51. 


55. 


59. 


63. 


66. 


68. 


70. 


72. 


74. 


76. 


78. 


32 ‘gs 
4° 3 "34 
6t= GS 48. 1.5 — (-3.5) 
0.99 -1 52. 0.87 — 1 
7 — 10.53 56. 8 — (—9.3) 
4 10 12 12 
-$-(-2) 0, 2-2 
es 1 1 
B 12 ue me 3 


22 — (-18) + 7 + (—42) - 27 


43 — (-19) — (-21) + 25 


84 + (-99) + 44 — (-18) — 43 


14 — (—50) + 20 - (—32) 


81 — (—20) — 14 — (—50) + 53 


Copy-Center Account. Rachel’s copy-center bill for 
July was $327. She made a payment of $200 and then 
made $48 worth of copies in August. How much did 
she then owe on her account? 


Stock Price Changes. Ona recent day, the price 
of a stock opened at a value of $61.38. It rose $4.75, 
dropped $7.38, and rose $5.13. Find the price of the 
stock at the end of the day. 
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79. “Flipping” Houses. 


Buying run-down houses, 
fixing them up, and reselling them is referred to as 
“flipping.” Charlie and Sophia flipped four houses in 
a recent year. The profits and losses are shown in the 
following bar graph. Find the sum of the profits and 
losses. 


Flipping Houses 
$15,000 
10,000 - 
5,000 


Housel House2 House3 House4 


81. Francisca has charged a total of $476.89 on her 


83. Tallest Mountain. 


Skill Maintenance 


credit card, but she then returns a sweater that cost 
$128.95. How much does she now owe on her credit 
card? 


when measured from base to peak, is Mauna Kea 
(White Mountain) in Hawaii. From its base 19,684 ft 
below sea level in the Hawaiian Trough, it rises 33,480 ft. 
What is the elevation of the peak above sea level? 


Data: The Guinness Book of Records 


20 14 
. i implify: —~ + —. [2. 
85. Multiply and simplify 49° 15 [2.6a] 
Solve. [1.8a] 
87. How many 12-o0z cans of soda can be filled with 96 oz 
of soda? 
Synthesis 


The tallest mountain in the world, 


80. 


Elevations in Asia. The elevation of the highest 
point in Asia, Mt. Everest, on the border between 
Nepal and Tibet, is 29,035 ft. The lowest elevation, at 
the Dead Sea, between Israel and Jordan, is — 1348 ft. 
What is the difference in the elevations of the two 
locations? 


Dead Sea 
—1348 ft 


Mt. Everest 
29,035 ft 


82. 


84. 


88. 


4 
. Divide and simplify: 40 + 1s 


Jacob has $825 in a checking account. What is the 
balance in his account after he writes a check for $920 
to pay for a laptop? 


Low Points on Continents. The lowest point in 
Africa is Lake Assal, which is 512 ft below sea level. 
The lowest point in South America is the Valdes 
Peninsula, which is 131 ft below sea level. How much 
lower is Lake Assal than the Valdes Peninsula? 


Data: National Geographic Society 


[2.7b] 


A case of soda contains 24 bottles. If each bottle 
contains 12 0z, how many ounces of soda are in the 
case? 


Tell whether each statement is true or false for all integers m and n. If false, give an example to show why. 


. —nh=O0-4”r 
. Ifm An,thenm —n #0. 
. Ifm + n = 0, then m and n are opposites. 


. m = —nif mand n are opposites. 


90. 
92. 
94. 


96. 


n-0=0-n 

Ifm = —n,thenm+n= 0. 
Ifm —n = 0, then m = —n. 
If m = —m, then m = 0. 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. The rational numbers consist of all numbers that can be named in terminating or repeating decimal 
notation. [10.1c] 


2. Ifa > b, then a lies to the left of b on the number line. [10.1d] 


3. The absolute value of a number is always nonnegative. [10.le] 


Guided Solutions 


Fill in each blank with the number that creates a correct statement or solution. 
4. Evaluate —x and —(—x) when x = —4. [10.2b] 


=) = —-- im - 
Subtract. [10.3a] 
bb 5 = 13 = 5 sp ( )= 
& =O = (=7) = =6 + 


Mixed Review 


7. State the integers that correspond to this situation. 8. Graph —3.5 on the number line. [10.1b] 
Jerilyn deposited $450 in her checking account. 
Later that week she wrote a check for $79. SS 
GAAS O 1 23 4 S 6 
[10.1a] 
Convert to decimal notation. [10.1c| 
4 7 5 3 
= 10. = 1a IPG => 
, 5) : 3 16 4 
Use either < or > for [_] to write a true sentence. [10.1d] 
3 3 
i =© [6 ik =3 [B=3 6-99) | 100 16. ~- a. 


Find the absolute value. [10.1e] 


12 
17. |15.6| 18. |—18| 19. |0| 20. |-2 
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Find the opposite, or additive inverse, of the number. [10.2b] 


Jl, S40 22. : 23. 0 24, —49 
25. Evaluate —x when xis —19. [10.2b] 26. Evaluate —(—x) when x is 2.3. [10.2b] 


Compute and simplify. [10.2a], [10.3a] 


Ste wll 

27. 7 + (-9) 2 a 29. 3.6 + (—3.6) 30. -8 + (-9) 
2 g 

31. 3 ap ra BP =U) se (=39) 33. —14+ 5 34. 19 + (—21) 

1 3 
3578 4 16:3 a5 D = (=i) 37. mae go 38. 12 — 24 
i 5 

39. —8 — (-4) 40. =e 41. 12.3 — 141 Aa, © = (=7) 

EBs IG = (=O) = 20 = (—4)) AYN lap (= i10) = (8) = 2 

AB, I = (25) sr 15 = (=i) EG, =O ap ((=3)) ae 11 = (=110) 

Solve. [10.3b] 

47. Temperature Change. Inachemistry lab, Ben works 48. Stock Price Change. The price of a stock opened 
with a substance whose initial temperature is 25°C. at $56.12. During the day it dropped $1.18, then rose 
During an experiment, the temperature falls to —8°C. $1.22, and dropped $1.36. Find the price of the stock at 
Find the difference between the two temperatures. the end of the day. 


Understanding Through Discussion and Writing 


49. Give three examples of rational numbers that are not 50. Give three examples of irrational numbers. Explain 
integers. Explain. [10.1b] the difference between an irrational number and a 
rational number. [10.1b, d] 


51. Explain in your own words why the sum of two 52. If a negative number is subtracted from a positive 
negative numbers is always negative. [10.2a| number, will the result always be positive? Why or 
why not? [10.3a] 


Mid-Chapter Review: Chapter 10 621 


STUDYING FORSUCCESS Take Good Care of Yourself 


{_} Get plenty of rest, especially the night before a test. 
(_) Try anexercise break when studying. Often a walk or a bike ride will improve your concentration. 


(_) Plan leisure time in your schedule. Rest and a change of pace will help you avoid burn-out. 


Multiplication of Real Numbers 


(@) MULTIPLICATION 
OBJECTIVE 


@ Multiply real numbers. @) Multiply a fraction by a fraction, and multiply a fraction by a whole 


number. [2.4a] 


Multiply and, if possible, simplify. 
70 
Pe 


MyLab Math 
VIDEO 


Multiplication of real numbers is very much like multiplication of arithmetic 
numbers. The only difference is that we must determine whether the answer 


1 
1 2p =o le 
3 


Answers: 1. . 2a 


This number decreases 
by 1 each time. 


a5 20 is positive or negative. 

3-5= 15 

2-5= 10 egies oge . 

ive os Multiplication of a Positive Number and a Negative Number 

0-5= 0O To see how to multiply a positive number and a negative number, consider 
-1-:5= —-5 the first pattern shown at the left. 
—2-5= —-10 As the pattern suggests, the product of a negative number and a positive 
=325:= =15 number is negative. 


This number decreases 


by 5 each time. THE PRODUCT OF A POSITIVE NUMBER AND A NEGATIVE NUMBER 


To multiply a positive number and a negative number, multiply their 
absolute values. The answer is negative. 


This number decreases 
by 1 each time. 


4-(-5) = —20 
a =a) = 15 Multiplication of Two Negative Numbers 
: : an 7 = To see how to multiply two negative numbers, consider the second pattern 
; ; = 7 o shown at the left. 
= ; ae = 5 As the pattern suggests, the product of two negative numbers is positive. 
~2-(-5)= 10 
a) ae THE PRODUCT OF TWO NEGATIVE NUMBERS 
This number increases To multiply two negative numbers, multiply their absolute values. 
by 5 each time. The answer is positive. 
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EXAMPLES Multiply. 
5 
aa 3. (-7.2)5 = -36 


Do Exercises 1-6. > 


4. (—8)(—5) = 40 5. ( +)-( >) = ° 6. (—7.2)(—5) = 36 


Do Exercises 7-12. > 


To multiply two nonzero real numbers: 
a) Multiply the absolute values. 
b) Ifthe signs are the same, the answer is positive. 


c) Ifthe signs are different, the answer is negative. 


Mes i 


EXAMPLES Multiply. 


7. (-3)(-4) = 12 & =1,6(2) = 32 9, ( =) *) _5 


Do Exercises 13-16. > 


Multiplying More Than Two Numbers 


When multiplying more than two real numbers, we can choose order and 
grouping as we please, using the commutative and associative laws. 


EXAMPLES Multiply. 
10. —8-2(—3) = —16(-3) Multiplying the first two numbers 


= 48 Multiplying the results 
11. —8-+2(—3) = 24-2 Multiplying the negative numbers. Every pair of 

= Ag negative numbers gives a positive product. 
12. —3(—2)(—5)(4) = 6(—5)(4) Multiplying the first two numbers 

= (—30)4 = —120 
13. ( $)(8)( 2) ( 6) = (-4)4 Multiplying the first two numbers 
= —16 and the last two numbers 

14. —5+(—2)-(—3)-+(—6) = 10-18 = 180 
15. (—3)(—5)(—2)(-3)(—6) = (—30)(18) = —540 O 


Considering that the product of a pair of negative numbers is positive, 
we can see the following pattern in the results of Examples 14 and 15. 


The product of an even number of negative numbers is positive. 
The product of an odd number of negative numbers is negative. 


Do Exercises 17-22. D> 


Multiply. 
i =3+6 2. 20+(-5 


2 
3. 4+ (—20) oa 


5. -4.23(7.1) 6. 7(-2) 


Multiply. 


7. -3*(-10) 8. -16-(-2) 


es) am -4(-8) 


11 -3(-3) 12. —3.25(—4.14) 
Multiply. 
13. 5(—6) 14. (—5)(-6) 


15. (—3.2)-10 16. (-2\(2 


Multiply. 
M7 94 (=3) 2 


18. —3 x (—4.1) x (—2.5) 


Be (9 


20. —2+(—5)+(—4) + (-3) 
71... (=4)(=3)(—2)(-3)(-1) 


22. (—1)(-1)(-2)(-3)(-1) 


Answers 

1. —-18 2. -100 3. —80 
5 7 

4. —— 5. —30.033 6 —— 7. 30 
9 3 [ 


20 
8. 32 9. 35 w. > 1.5 
63 


1) 


12. 13.455 13. —30 14. pe 15. —32 


16. : 17. —30 18. —30.75 19. 


20. 120 21. —120 22. 6 


Guided Solution: 
19. 2,5 
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FOR 
EXTRA @ MyLab Math 
HELP 


VY Check Your Understanding 


Reading Check Fill in the blank with either “positive” or “negative.” 


RC1. To multiply a positive number and a negative number, multiply their absolute values. 
The answer is 


RC2. To multiply two negative numbers, multiply their absolute values. The answer is 


RC3. The product of an even number of negative numbers is 


RC4. The product of an odd number of negative numbers is 


Concept Check Evaluate. 


CCI, (=i) CC2. (-1)(-1)(-1) Cc3. (-1)(-1)(-1)(-1) Cc4. (-1)(-1)(-1)(-1)(-1) 
a Multiply. 
1. —8-2 2. —3°5 3. 8-(—3) 4. 5+(—2) 
5. —9°8 6. —20°3 7. —8-(-2) 8. —4-(—5) 
9. —7+(-6) 10. —9+(—2) 11. 15-(-8) 12. —11-(—10) 
13. —14-17 14. —13-(-15) 15. —25-(—48) 16. 39+ (—43) 
17. —3.5+(—28) 18. 97+ (—2.1) 19. 4-(—3.1) 20. 3+ (—2.2) 
21. —6:(—4) 22. —5-(—6) 23. —7-(—-3.1) 24, —4-(—3.2) 


2 3 5 2 3 2 5 2 
25; 2.(-2) 26. 7 (-2) 27. 8 ( 2 28. 8 ( 2) 
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5.3 8 9 
29. —6.3 X 2.7 30. —6.2 X 8.5 31. 9°" 32. a a 
2.1 6 1 1 3 
33. 7+ (—4)+(-3) +5 MO 6yeo a ee fee ; . 
(-4)+(-3) (-2)+(-6) 38, -2-5-(-$) 3. -3-(-7)-(-2) 
37. —3-(—4)-(-S) 38. —2-(—5)-(-7) 39. —2+(—5)-(—3)+(—S5) 
iL 2 3/ 2 
40. —3-(—5)-(—2)+(-1) 41. +(-3) 42. -3(-2) 
43. —7+(—21)+13 44. —14+34-12 45. —4-(—1.8)+7 
1f 2\/5 Te SS 2 
46. —8:(-1.3)+(-S) 47. -3(-2)(2) 48. -2(-3)(-2) 
49. 4: (—4)-(—5)+(-12) 50. —2+(—3)-(—4)+(—S5) 51. 0.07: (—7) -6-(—6) 
5\/1 3 1 4 2 15\/1 
52. 80+ (0.8) « (-90) -(-0.09) ss. (-2)(2)(-2}( 2) 4. (2)(-2)(-4\(5) 
55. (—6)(—7)(—8)(—9)(—10) 56. 7: (—6)-5+(—4)-3+(—2)-1-(-1) 
SOICUUL PVCU AVE IAIN a c2. cc esennskccanrssdescnerasctseniaansaselactnsertedenshsdhtshedSanaitcrnsontslensddecdsoubloaeseinesssanneadbadesleiaasos 
Subtract and simplify. [3.3a] Subtract and simplify. [3.5b] 
29°. 3 11 11 3 2 1 3 
57. a 6 58. 90. 120 59. 94-45 60. 65-259 
61. Which of 3.106 and 3.1 is larger? [4.1c] 62. Round 206.3056 to the nearest hundredth. [4.1d] 
63. Divide: 3.5 + 8. [4.4a] “A, Sov = = eg 
. Divide: 3.5 + 8. [4.4a / Solve: To =—- &B: 
ST cease acdc angen eg one ohare eaenaeetac ea aie easte eee ee 


65. What must be true of a and b if —ab is to be (a) positive? (b) zero? (c) negative? 
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10.5 


OBJECTIVES 


(aj Divide integers. 

b Find the reciprocal of a real 
number. 

© Divide real numbers. 


da Solve applied problems 
involving multiplication and 
division of real numbers. 


e Simplify expressions using rules 
for order of operations. 


Divide. 
1. 6 + (-3) 
Think: What number 
multiplied by —3 gives 6? 


=15 

=3 

Think: What number 
multiplied by —3 gives —15? 


3. —24 +8 
Think: What number 
multiplied by 8 gives —24? 


—48 30 
4, —— a 
—6 =5 
30 
6. — 
—7 
Answers 
1-2 25 3-3 48 5. —-6 
a) 
“7 
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Division of Real Numbers and 


Order of Operations 


We now consider division of real numbers. The definition of division results 
in rules for division that are the same as those for multiplication. 


(@) DIVISION OF INTEGERS 


DIVISION 


+ b, or - where b # 0, is that unique real number c 


The quotient a 


for which a = b:c. 


Let’s use the definition to divide integers. 


EXAMPLES Divide, if possible. Check your answer. 


1. 14+ (-7) = -2 Think: What number multiplied by —7 gives 14? 
That number is —2. Check: (—2)(—7) = 14. 


> 22 = 8 Think: What number multiplied by —4 gives 
"4 —32? That number is 8. Check: 8(—4) = —32. 

3 —10 a 10 Think: What number multiplied by 7 gives —10? 
“47 7 That number is —?. Check: —?-7 = —10. 


Think: What number multiplied by 0 gives —17? 
There is no such number because the product of 
0 and any number is 0. 3) 


-17 
4. ar is not defined. 


The rules for division of real numbers are the same as those for multiplication. 


To multiply or divide two real numbers (where the divisor is nonzero): 
a) Multiply or divide the absolute values. 

b) If the signs are the same, the answer is positive. 

c) Ifthe signs are different, the answer is negative. 


«@ Do Exercises 1-6. 


Excluding Division by 0 

Example 4 shows why we cannot divide —17 by 0. We can use the same argu- 
ment to show why we cannot divide any nonzero number b by 0. Consider 
b + 0. We look for a number that when multiplied by 0 gives b. There is no 
such number because the product of 0 and any number is 0. Thus, we cannot 
divide a nonzero number b by 0. 

On the other hand, if we divide 0 by 0, we look for a number c such that 
0-c = 0. But 0-c = 0 for any number c. Thus, it appears that 0 + 0 could 
be any number we choose. Getting any answer we want when we divide 0 by 
0 would be very confusing. Thus, we agree that division by 0 is not defined. 


EXCLUDING DIVISION BY 0 


Division by 0 is not defined: 


a ~ 0, or is not defined for all real numbers a. 


Dividing 0 by Other Numbers 
Note that 0 + 8 = O because 0 = 0°8. 


DIVIDENDS OF 0 


Zero divided by any nonzero real number is 0: 


EXAMPLES Divide. 


0 —3 te : : 
5. 0 + (-6) =0 =u 7. — is not defined. Divide, if possible. 
=5 
1. 8. — 
Do Exercises 7 and 8. > 0 —3 


() RECIPROCALS 


Find the opposite of a real number. [10.2b] 
Find the opposite. 


5 
ik; 37 Pa 
6 


5 
Answers: 1, —37 2. 6 


MyLab Math 
VIDEO 


When two numbers like { and § are multiplied, the result is 1. Such numbers 
are called reciprocals of each other. Every nonzero real number has a recip- 
rocal, also called a multiplicative inverse. 


RECIPROCALS 


Two numbers whose product is 1 are called reciprocals of each other. 


EXAMPLES Find the reciprocal. 
8. —5 The reciprocal of —5 is —} because —5 (-4) = 1. 
1 


9. 5 The reciprocal of } is 2 because (5)(2) = 


10. -3 The reciprocal of —3 is —} because (—3)(—}) = 1. 


Answers 
7. Not defined 8. 0 
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Find the reciprocal. 


2 
te 10. —— 
3 
11. -3 12. -—= 
13. 5.7 14. -= 


PROPERTIES OF RECIPROCALS 


1 1 
For a ¥ 0, the reciprocal of a can be named . and the reciprocal of 7 is a. 


: a b 
The reciprocal of a nonzero number pon be named —. 
a 


The number 0 has no reciprocal. 


<@ Do Exercises 9-14. 


A number and its reciprocal must have the same sign, because the 
product of the two numbers must be the positive number 1. 


THE SIGN OF A RECIPROCAL 


The reciprocal of a number has the same sign as the number itself. 


It is important not to confuse opposite with reciprocal. Keep in mind that 
the opposite, or additive inverse, of a number is what we add to the number 
to get 0. A reciprocal, or multiplicative inverse, is what we multiply the num- 
ber by to get 1. Compare the following. 


15. Complete the following table. 


OPPOSITE | RECIPROCAL 


2 
3 
5 
4 
0 
il 
—-47 
Answers 
9.> 10. 4 ou lp 5 
2 5 3 
13. a reas 14. ae 
57° ST 2 
235 4 : 
15 oy ee 0, not defined; 
1,1; 4.7 2 a 
ee eee, 
628 CHAPTER10 Real Numbers 


RECIPROCAL 
OPPOSITE (Invert but do not 
(Change the sign.) change the sign.) 
3 3 8 ( >) >) 
= _<— < a == |)=1 
8 8 3 8 3 
19 19 a. oe eg 
19 8 8 
18 _18 7 
7 7 18 
-7.9 7.9 ee gees 
79°79 
0 0 Not defined 


<@ Do Exercise 15. 


i DIVISION OF REAL NUMBERS 


We know that we can subtract by adding an opposite. Similarly, we can 
divide by multiplying by a reciprocal. 


RECIPROCALS AND DIVISION 


For any real numbers a and b, where b # 0, 


1 
poh = = os 


b b 


(To divide, multiply by the reciprocal of the divisor.) 


EXAMPLES Rewrite each division as a multiplication. 


1 
—4 + 3 is the same as | 


6 <= 6(-2) 
7 = 7 


Do Exercises 16-20. > 
When doing division calculations, we sometimes multiply by a recipro- 
cal and we sometimes divide directly. With fraction notation, it is generally 


better to multiply by a reciprocal. 


EXAMPLES Divide by multiplying by the reciprocal of the divisor. 


2 5\ 2 4 8 
14.2 + ( 3) -3(-9)- 15 


Siagalsudsdimes AR aied sable RMT Slee Paaaa seine Ge oae ae Caution! ah uh cafe n Silda ale ae. a vn agmitNoise WUTC 84 WG Tas ia earenald 


Be careful not to change the sign when finding a reciprocal! 


5. 3 3 /10 3-10 
ee aac (2) : 


With decimal notation, it is easier to carry out long division than to 
multiply by the reciprocal. 


EXAMPLES Divide. 


93 
=27. Badin 
= = = 93 Do the long division 3)27.9 


The answer is positive. 


3.0 
Do the long division 2.1)6.3.0 
The answer is negative. 


17. -27.9 + (-3) 


18. —6.3 + 2.1 = -3 


Do Exercises 21-24. D> 


Consider the following: 


22 2-1 2(-1) -2 i? 
1. = . 1 — . — = * Th = 4 
a4 a. Sa a 
(A negative number divided by a negative number is positive.) 
2 2 21 2). S122. =2 2. =2 
2. =<). = 4 = = —.Th = >. 
3 a Oe a eee Ge 
(A negative number divided by a positive number is negative.) 
A a ae ae 212 27 2.2 
a ee ee ee ae ae eae 


(A positive number divided by a negative number is negative.) 
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Rewrite each division as a 


multiplication. 

4 3 5 
16.02 >| => 17, -—— 
. 7 ( —8 

—10 2 
18. —— 19, -> + 
: 7 ‘ 3 
20..-—5 27 


Divide by multiplying by the 
reciprocal of the divisor. 


Divide. 
23. 21.7 + (—3.1) 


24, —20.4 + (4) 


Answers 
4 5 
16. =:| —=) 17. 5°| -= 
7(-3) ™5(-3) 
18. 10-4 19. an 20 ee 
7 3 4 7 
20 16 
21. 1 22. 7 23. -7 24. 5.1 
Guided Solution: 
20 
21, 3,-— 
ae 
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Find two equal expressions for each 
number with the negative sign in 
different places. 


=5 
a, = 
6 
ff 
6 
8 
26. —= 
7 
10 
21s 3 


28. Chemical Reaction. During 
a chemical reaction, the 
temperature in a beaker 
increased by 3°C every 
minute. If the temperature was 
—17°C at 1:10 P.m., when the 
reaction began, what was the 
temperature at 1:34 p.m.? 


Number of Manatees 


Number of manatees counted i 
aerial synoptic survey in Flori 


Year 


DATA: Florida Fish and Wildlife Conservation Commission 


29. Endangered Species. An aerial 
survey in 2006 found 3113 
manatees in Florida. A survey 
in 2016 found 6250 manatees. 
What was the percent increase 
or decrease? 


Answers 
5 S| -8 8 =10 10 
Be Mee th 


28. SS°C 29. The percent increase was 
about 101%. 


Guided Solution: 
25. —6,5 


630 : CHAPTER10 — Real Numbers 


SIGN CHANGES IN FRACTION NOTATION 


For any numbers a and 5, where b ¥ 0: 


—a a 
—— oe A =p b 


«@ Do Exercises 25-27. 


da APPLICATIONS AND PROBLEM SOLVING 


EXAMPLE 19 Mine Rescue. The San Jose copper and gold mine near 
Copiap6, Chile, caved in on August 5, 2010, trapping 33 miners. Each miner 
was safely brought out in a specially designed capsule that could be lowered 
into the mine at —137 feet per minute. It took approximately 15 min to lower 
the capsule to the miners’ location. Determine how far below the surface of 
the earth the miners were trapped. 

Data: Reuters News 


Since the capsule moved —137 feet per minute and it took 15 min to 
reach the miners, we have the depth d given by 


d = 15+(—137) = —2055. 


Thus, the miners were trapped at —2055 ft. 
< Do Exercise 28. 


EXAMPLE 20 Endangered Species. Because of hunting in previous cen- 
turies and current coastal development, the Florida manatee is considered an 
endangered species. Efforts to protect manatees have resulted in an increase 
in the population. One way that conservationists track the number of mana- 
tees is through aerial surveys conducted in the winter when manatees con- 
gregate in warmer areas. Although not considered accurate estimates of the 
manatee population, the surveys do indicate population trends. An aerial 
survey in 2001 found 3300 manatees and a survey in 2006 found 3113 mana- 
tees. What was the percent increase or decrease from 2001 to 2006? 

We find the change in population and then the percent increase or 
decrease. 


Change in population = New amount — original amount 
= 3113 — 3300 = —187 


The count 
decreased. 


Change 


Percent change = = 
Original amount 


_ -187 
3300 


= —0.06 = —6% 


Since the percent change was negative, there was a percent decrease in the 
manatee count of 6%. 


<@ Do Exercise 29. 


(©) ORDER OF OPERATIONS 


When several operations are to be done in a calculation or a problem involv- 
ing real numbers, we apply the same rules that we did in Sections 1.9, 3.7, 
and 4.4. We repeat them here for review. If you did not study those sections 
before, you should do so before continuing. 


RULES FOR ORDER OF OPERATIONS 


1. Do all operations within grouping symbols before operations 
outside. 


2. Evaluate all exponential expressions. 
3. Do all multiplications and divisions in order from left to right. 


4. Do all additions and subtractions in order from left to right. 


EXAMPLE 21 Simplify: —34-56 — 17. 
There are no parentheses or exponents so we start with the third step. 
—34+56 — 17 = -1904 - 17 Carrying out all multiplications and 
divisions in order from left to right 


= —1921 Carrying out all additions and 
subtractions in order from left 
to right @ 


EXAMPLE 22 Simplify: 24 + 51-4 — (37 + 23-2). 
24 + 51-4 — (37 + 23-2) 


= 24+ 51-4 — (37 + 46) Carrying out all operations inside 
parentheses, first multiplying 23 by 2, 
following the rules for order of 
operations within the parentheses 


= 244+ 51-4 — 83 Completing the addition inside 
parentheses 

= 16 + 51-4 — 83 Evaluating exponential expressions 

= 16 + 204 — 83 Doing all multiplications 

= 220 — 83 Doing all additions and subtractions 
in order from left to right 

= 137 @ 


A fraction bar can act as a grouping symbol. 


=64 = (=16) = (=2 
EXAMPLE 23 Simplify: oa Teale 


23 — 3? ; Simplify. 
An equivalent expression with brackets as grouping symbols is 30. 23 — 42-30 
[-64 + (-16) + (—2)] + [2 - 37}. 31. 32 + 8-2 


This shows, in effect, that we can do the calculations in the numerator and 
then in the denominator, and divide the results: 
64 + (—16) + (-2) 4 + (-2) =9 5 —10—-—5:23 
= = =2 33. =. 2 
B — 32 8-9 = : Esa SH 7 


32. 52:5 + 5° — (47 — 48 + 4) 


Do Exercises 30-33. D> 
Answers 


30. —1237 31. 8 32. 381 33. —12 
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1. Gas Mileage. 


2. Apartment Rent. 


. Cell-Phone Bill. 


On the first 
day of a trip, Nathan drove 
761.4 mi. He began the day 
with a full tank of gasoline and 
ended the day with a full tank. 
During the day, he put 23.5 gal 
of gasoline in the tank. How 
many miles per gallon did 
Nathan’s car get? 


Cecilia 
needs $4500 for tuition. This 
is 2.5 times as much as she 
needs for apartment rent. 
How much does she need for 
the rent? 


. Sales Tax. The sales tax on 
an office copier is $73.10 and 
the tax rate is 5%. Find the 
purchase price. 


. Change in Elevation. The 
lowest elevation in Australia, 
Lake Eyre, is 52 ft below sea 
level. The highest elevation in 
Australia, Mt. Kosciuszko, is 
7310 ft. Find the difference in 
elevation between the highest 
point and the lowest point. 


Jeff's cell- 
phone bill for September was 
$73.10. He made a payment 
of $52. How much did he then 
owe on his cell-phone bill? 


Translating 
for Success 


The goal of these matching questions 

is to practice step (2), Translate, of 

the five-step problem-solving process. 
Translate each word problem to an 
equation and select a correct translation 
from equations A-0. 


3 
A. ie = 589 


B. 52 + x = 73.10 


C. 2.5-x = 4500 
= 4500+5% «= 
ie () 5 


. 23.5(761.4) = x 


- 73.10 = 5% +x 
1 4500 = 5% c 
° 5 = 0 ° X 


~ x = 5% +4500 


23.5+x = 761.4 
3 
0 Ts = 589 = x 


= 23.5 + 761.4 


= 7310 — (—52) 


. 2.5(4500) = x 


O. 52-x = 7310 


Answers on page A-19 


6. Camp Sponsorships. 


. Drain Pipe. 


. Simple Interest. 


10. Drain Pipe. 


Dona- 
tions of $52 per camper are 
needed for camp sponsorships 
at Lazy Day Summer Camp. 
Two weeks prior to camp, 
$7310 had been collected 

for sponsorships. How many 
campers can be enrolled? 


A construction 
engineer has 589 ft of flex- 
ible drain pipe. How many 
73-ft lengths can be cut from 
the total amount of pipe 
available? 


What is the 
simple interest on a principal 
of $4500 invested at an inter- 
est rate of 5% for + year? 


9. Donation to Orphanage. 


Matt plans to donate 5% of 
his tax refund to the building- 
repair fund for a Russian 
orphanage. If his refund is 
$4500, how much will he 
donate? 


A subcontractor 
needs 589 pieces of pipe for 

a large irrigation project. If 
each piece must be 7} ft long, 
how many feet of pipe have 
to be purchased? 


a 


1. 


6. 


11. 


16. 


b 


FOR 
EXTRA @ MyLab Math 
HELP 


v Check Your Understanding 


Reading Check Choose the word or the number below the blank that will make the sentence true. 


RC1. The numbers 4 and —4 are of each other. 
opposites/reciprocals 


RC2. The multiplicative inverse, or reciprocal, of a number is what we multiply the number by to get 


0/1 
RC3. The additive inverse, or opposite, of a number is what we add to the number to get 
0/1 
9 4 
RC4. The numbers — 4 and — gare of each other. 
opposites/reciprocals 
Concept Check Replace the blank with either 0 or 1 to complete each sentence. 
CC1. The number has no reciprocal. 
CC2. The number is its own reciprocal. 
CC3. The number is its own opposite. 
CC4. Division by is undefined. 
CCS. A nonzero number divided by itself is —___ 
Divide, if possible. Check each answer. 
42 26 —16 
6 + (-6 2. — eer 4. 24 + (-12 : 
36 = (-6) = SS (12) — 
; —48 ; —72 —50 
—18 + (-2) 7: =) 8. —72 + (—9) 9. 9 10. 35 
—200 —64 200 
—100 + (—50 12. —— 13. —108 + 9 3 —— 15. —~ 
0 + ( ) 3 14, — 7 5. — 25 
75 0 81 —145 
—300 + (-1 17. — 18. — 19. — 20. —— 
oh) 0 : =9 —9 i =) 
Find the reciprocal. 
15 5 
2 22. —> 23. 13 24. —8 
7 8 : 
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ys, 3+(-2) (2) 

“4 3 “80 2 

se aad 9 75 8 
33. —6.6 + 3.3 34. —44.1 + (—6.3) 
See oo 

= 3 " 32 


da Solve. 


41. 


43. 


45. 


47. 


49. 
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Drop in Temperature. The temperature in Osgood 
was 62°F at 2:00 p.m. It dropped 6°F per hour for the 
next 4 hr. What was the temperature at the end of the 
4-hr period? 


Stock Price. The price of a stock began the day at 
$23.75 per share and dropped $1.38 per hour for 8 hr. 
What was the price of the stock after 8 hr? 


Diver’s Position. After diving 95 m below sea level, 
a diver rises at a rate of 7 meters per minute for 9 min. 
At that point, where is the diver in relation to the 
surface? 


Apps. The number of available apps in the iTunes app 
store increased from 1.4 million in 2015 to 2.0 million 
in 2016. What is the percent increase? 


Data: statista.com 


Super Bowl TV Viewership. Television viewership 
of the Super Bowl in the United States decreased from 
114.4 million in 2015 to 111.3 million in 2017. What is 
the percent decrease? 


Data: statista.com 


Real Numbers 


27. 


31. 


35. 


39. 


42. 


44. 


46. 


48. 


50. 


4°\ 4 “ 9 \ 6 
Se 3 " 8 \is5 
—11 46 -1.7 
—13 * 20 
= i 
17-17  =—5 +5 
Juice Consumption. Oliver bought a 64-o0z container 


of cranberry juice and drank 8 oz per day for a week. 
How much juice was left in the container at the end of 
the week? 


Population Decrease. ‘The population of a rural 
town was 12,500. It decreased 380 each year for 

4 years. What was the population of the town after 
4 years? 


Bank Account Balance. Karen had $234 in her bank 
account. After she used her debit card to make seven 
purchases at $39 each, what was the balance in her 
bank account? 


Passports. In 2006, approximately 71 million valid 
passports were in circulation in the United States. This 
number had increased to approximately 132 million in 
2016. What is the percent increase? 


Data: U.S. State Department 


Pieces of Mail. The number of pieces of mail 
handled by the U.S. Postal Service decreased from 
212 billion in 2007 to 154 billion in 2011. What is the 
percent decrease? 


Data: U.S. Postal Service 


Copyright © 2019 Pearson Education, Inc. 


e Simplify. 


51. 8-— 2-3-9 52. 8 — (2-3-9) 

55. 16-(—24) + 50 56. 10-20 — 15-24 

59. 5° + 26-71 — 60. 47 + 10-20 + 
(16 + 25-3) 8? — 23 

63. 4°/8 64. 9 — 7 

67. 19 — 5(-3) + 3 68. 14 — 2(-6) + 7 

11. -4 +6 72. -S +7 

75.. 12. = 20° 76. 20 + 4° + (-8) 


79. 6[9 — (3 —4)] 


81. —1000 + (—100) + 10 


83. 8 — (7 — 9) 84. (8 — 7) —9 


20(8 — 3) — 4(10 — 3) 


8% 102 — 6) — 2(5 + 2) 


53, (8 — 2-3) -—9 54, (8 — 2)(3 — 9) 

57, 24+ 2 — 10 58, 40 - 3° — 2 

61. 4-5-2-6+4 62. 4-(6 + 8)/(4 + 3) 
65. 8(—7) + 6(—5) 66. 10(—5) + 1(-1) 

69. 9+ (-3)+16+8 7. —32 —8 + 4 - (-2) 
73. —8 —3 74, -% — 11 

77. 2 x 10° — 5000 78. —7(3*) + 18 


80. 8[(6 — 13) — 11] 


82. 256 + (—32) + (—4) 


2-8-3 
g2 — 22 — 7 


10 = 6" 
85. g + 32 86. 


(3 — 5)? — (7 — 13) 
(12 = 9)? + (1 = 14)? 


88. 


SKULL Maintemane iii cceccccccccecccccccecccceveccecveveecssveceecesvssvacsevsevesavsevesvetesssvssveteavsvstvetvavvsvsveseeeee. 


89. Find the area of a rectangle that is 8.4 cm 
by 11.5cm. [9.2a] 


Solve. [6.3b], [6.4b] 
91. What is 45% of 3800? 


90. Find the mean, median, and mode: 
9,17, 34, 40,40 [7.3b, c, d] 


92. 344 is what percent of 8600? 


SUTENGS AS sisi istisivinvivvasnecanesdevtansriocdarsinsvenesasveces WiacdibrsvapnucvaiselnyeliadeKdast sass laipslewuiadiussadavedesuenesabesinsthandandaes ie 


Simplify. 
195 + (-15)° 
195 — 7-5 
Determine the sign of each expression if is negative and n is positive. 
—n —n 
95... —_— 96. — 97. -( 
—m m 
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CHAPTER 


Vocabulary Reinforcement 


In Exercises 1-7, fill in each blank with the correct term from the given list. Some of the choices may not be used. 


1. Two numbers whose product is 1 are called , or rational 
inverses. [10.5b] ‘cAioual 
2. The are 2353, =2;.=1,.0,1,2,3,:... [10dal real 
3. The value of a number is its distance from zero on integers 
the number line. [10.le] whole numbers 
4. The numbers consist of all numbers that can be additive 
named in the form where a and b are integers and b is not 0. [10.1b] multiplicative 
it 
5. The numbers consist of the rational numbers and the oe = 
irrational numbers. [10.1d] reciprocals 
absolute 


6. Numbers such as —3 and 3 are called , or 
inverses. [10.2b] 


7. Decimal notation for a(n) 
nor repeats. [10.1d] 


number neither terminates 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. The set of natural numbers is the same as the set of positive integers. [10.1a] 


[10.2b], [10.5b] 


2. The opposite of the opposite of a number is the reciprocal of the number. 


3. The product of an even number of negative numbers is positive. [10.4a] 


Study Guide 


Objective 10.1¢ Convert from fraction notation for a rational number to decimal notation. 


Example Find decimal notation for — 2. Practice Exercise 


We first find decimal notation for 3. Since ; means 1. Find decimal notation for 3, 


5 + 4, we divide. 


Thus, } = 1.25, so —? = -1.25. 
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Objective 10.1d Determine which of two real numbers is greater and indicate which, using < or >. 


Example Use either < or > for to write a true Practice Exercise 


sentence. : 2. Use either < or > for [_] to write a true sentence. 
eels 771 


Since —5 is to the right of —8 on the number line, we 
have —5 > —8. 


Objective 10.1e Find the absolute value of a real number. 


Example Find each of the following. Practice Exercise 
a) |-9.7| b) |35| : 


; ‘ . 2 3. Find each of the following. 
a) The number is negative, so we make it positive. 


_o7| = 4 
|—-9.7| = 9.7 : a) |-17| b) F 
b) The number is positive, so the absolute value is the : 9 
same as the number. 
|35| = 35 
Objective 10.2a Add real numbers without using the number line. 
Example Add without using the number line: —15 + 9. Practice Exercise 
We have a negative number and a positive number. : 4, Add without using the number line: 
The absolute values are 15 and 9. Their difference is 6. : —5.6 + (—3.9). 


The negative number has the larger absolute value, so 
the answer is negative. 


-15+9=-6 


Example Add without using the number line: 
—8 + (9). 

We have two negative numbers. We add the 
absolute values, 8 and 9. The answer is negative. 


-8 + (-9) =-17 


Objective 10.3a Subtract real numbers. 


Example Subtract: 8 — 12. Practice Exercise 
We add the opposite of the number being : 5. Subtract: 6 — (—8). 
subtracted. : 
8-12 =8 + (-12) 
= —-4 


Objective 10.4a Multiply real numbers. 


Example Multiply: —6(—4). Practice Exercise 
The signs are the same, so the answer is positive. 6. Multiply: 6(—15). 
—6(—4) = 24 


Example Multiply: —4.2(3). 
The signs are different, so the answer is negative. 
—4.2(3) = —12.6 


Summary and Review: Chapter 10 


637 


Objective 10.5c Divide real numbers. 


Example Divide: —36 + (—4). : Practice Exercise 
The signs are the same, so the answer is positive. 3 4 12 
: 7. Divide: -> + | -= 
—36 + (-4) =9 3 5 
a ee ee 
xam, ivide: ->+ =. 
See 3° 
The signs are different, so the answer is negative. 
Lee Ad Multiplying by the 
a. 4 3 2. reciprocal 
ee 
6 
Objective 10.5e Simplify expressions using rules for order of operations. 
Example Simplify: 32 — 24 + 2 — (4 + 2-8). ' Practice Exercise 
= 3?-24+2- (4+ 16) 
= 3?—24+2-20 
=9-24+2- 20 
= 9— 12 —- 20 = -3 — 20 = —23 
Review Exercises 
1. State the integers that correspond to this Graph each number on the number line. [10.1b] 


situation: Josh earned $620 for one week’s work. 10. —2.5 
While driving to work one day, he received a : , 
speeding ticket for $125. [10.1a] 


Simplify. [10.1e] 


11. — 
2. |-38| 3. |7.3| 
SSS 
5 
4. 5 5. —|-0.2| : : 
2 Use either < or > for towriteatruesentence. [10.1d] 
12. —3 [_] 10 13. —1 -6 
Find decimal notation. [10.1c] > 1 
7 5 : 14. 0.126 —12.6 15. —= = 
6. —— 2- : 3 10 
4 6 
Find the opposite, or additive inverse, of each 
5 3 number. [10.2b] 
8. ->z 9. =. : 3 


2 1 16. 3.8 1G 
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18. Evaluate —x when x is —34. [10.2b] 


19. Evaluate —(—x) when xis 5. [10.2b] 


Find the reciprocal. [10.5b] 
3 


20. > 21. — 
8 7 


Compute and simplify. 
22. 4+ (—-7) [10.2a] 


2. 4 
W.= 4S [ee 
gig Heal 


24. 6 + (-9) + (-8) +7 [10.2] 


25. -3.8 + 5.1 + (-12) + (-43) + 10 [10.2a] 


26. -3 — (-7) [10.3a] 


28. -3.8-— 41 [10.3a] 


29, —9+(—6) [10.4a] 


30. —2.7(3.4) [10.4a] 


31. 2.(-3) [10.4a] 


32. 3-(—7)*(—2)+(—5)  [10.4a] 
33. 35 + (—5) [10.5a] 


44.5119 [sel 


35. -— + (-4) [10.5c] 


Simplify. [10.5e] 
36. [—12(—3) — 27] — (-—9)(—10) 


37. 625 + (—25) + 5 


38. —16 + 4 — 30 + (-5) 


39. 9[(7 — 14) — 13] 


Solve. 


40. Chang’s total assets are $2140. Then he 
borrows $2500. What are his total assets 
now? [10.3b] 


41. Stock Price. The price of a stock opened at 
$17.68 per share and dropped by $1.63 per hour 
for 8 hr. What was the price of the stock after 
8hr? [10.5d] 
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42. On the first, second, and third downs, a football 
team had these gains and losses: 5-yd gain, 12-yd 
loss, and 15-yd gain, respectively. Find the total 
gain (or loss). [10.3b] 


43. National Park Visitation. According to the 
National Park Service, there were 87,513 visitors 
to Congaree National Park in 2015 and 143,843 
visitors in 2016. What was the percent increase 
or percent decrease in number of visitors to the 
park? [10.5d] 


1 
44, Find the reciprocal of — 10° [10.5b] 


A. —10 B. 0 
Cc. — D. 10 


45. Simplify: -3-4-— 12+ 4. [10.5e] 


A. —16 B. —15 
Cc. 0 D. 6 


Synthesis eee 


46. The sum of two numbers is 800. The difference is 6. 
Find the numbers. [10.3b] 


47. The following are examples of consecutive 
integers: 4,5, 6, 7, 8; —13, —12, —11, —10. 
[10.3b], [10.5d] 
a) Express the number 8 as the sum of 16 consecutive 
integers. 
b) Find the product of the 16 consecutive integers 
in part (a). 


48. Describe how you might find the following product 
quickly: 


ee Geer) eee ee) gee) Gat as? | Gaede) ceca 
[10.4] 


1 
2 


49. Simplify: 2 ( ) ‘|. [10.1e], [10.3a] 


50. Simplify: (|2.7 — 3| + 3° 
[10.1e], [10.5e] 


|-3|) + (-3). 


Understanding Through Discussion and Writing 


1. What rule have we developed that would tell you 
the sign of (—7)* and (—7)!' without doing the 
computations? Explain. [10.4a] 


2. Is it possible for a number to be its own reciprocal? 
Explain. [10.5b] 


3. Jake enters 18/2-3 on his calculator and 
expects the result to be 3. What mistake is he 
making? [10.5e] 


4. Write a problem for a classmate to solve. Design the 
problem so that the solution is “The temperature 
dropped to —9°F.” [10.3b] 


640 : CHAPTER10 —_Real Numbers 


Copyright © 2019 Pearson Education, Inc. 


CHAPTER 


For step-by-step test solutions, access the Chapter Test Prep Videos 
in MyLab Math. 


Use either < or > for 


1. -4 0 Mo =3) 


Find decimal notation. 


ae 
ers 
Simplify 
8. |-7| 


Find the opposite, or additive inverse. 


ii, 2 
3 


13. Evaluate —x when x is —8. 


Find the reciprocal. 


iy =2 


Compute and simplify. 


17.3 aa) 
20. 2 = (-8) 


23. 4-(—12) 


to write a true sentence. 


il 1 
es 5 =) (0), 4 = 
8 éb =OL7s 0.87 8 > 
4 2 
i= ak; = —= 
: g) 11 
g) 
b |= i, =||=2, 
2 0-271 
12. -1.4 
14. Graph —0.2 on the number line. 
So 


ia 
a 


13 
18. -8 + 4+ (-7) +3 19. --+ = 
58 
1 3 
21. 3.2 - 5.7 22, b-( 3) 
iof 3 
24, -=-( —= 25. —45 + 5 
;-(-2) s, -45 


Test: Chapter 10 641 


26. es (-2) 27. 4.864 + (—0.5) 28. —2(16) — [2(-8) — 5°] 


29. Difference in Elevation. The lowest elevation in 30. Isabella kept track of the changes in the stock market 
Australia, Lake Eyre, is 15 m below sea level. The over a period of 5 weeks. By how many points had the 
highest elevation in Australia, Mount Kosciuszko, market risen or fallen over this time? 


is 2229 m. Find the difference in elevation between 


Data: The CIA World Factbook Down 13 pts | Down 16 pts Down 11 pts 


31. Population Decrease. The population of Stone City 32. Chemical Reaction. During a chemical reaction, the 
was 18,600. It decreased by 420 each year for 6 years. temperature in a beaker decreased every minute by 
What was the population of the city after 6 years? the same number of degrees. The temperature was 


16°C at 11:08 a.m. By 11:52 a.m., the temperature had 
dropped to —17°C. By how many degrees did it change 
each minute? 


33. Evaluate —(—x) when x is 14. 


1 
—14 i == 
a 14 
il 
Cae D. 14 
14 
"LLU Io} a ea aie Corin esate antes he, Oe tye, SiON id cee ewt fae d ut at setae seer TY A aot Rg< Ovlre tony veneer ice 
34. Simplify: |—27 — 3(4)| — |-36| + |—12]. 
35. The deepest point in the Pacific Ocean is the Marianas 36. Find the next three numbers in each sequence. 
Trench with a depth of 11,033 m. The deepest point in a) 6,5,3,0, , ; 
the Atlantic Ocean is the Puerto Rico Trench with a b) 14,10, 6,2, ; 
depth of 8648 m. How much higher is the Puerto Rico Oh) =) 6, ee : 
Trench than the Marianas Trench? 
Data: Defense Mapping Agency, Hydrographic/Topographic Center GN) & =), 2, =I, OSs, , 5 
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CHAPTERS 


1=10] Cumulative Review 


Find decimal notation. —48 
: 12. Multiply: (—2)(5). 13. Divide: ——. 
1. 26.3% Py) iG 


: Hours Spent Farming. The pictograph below shows the 


5 = 5S : number of hours that several types of farmers work per 
edi : week. Use the pictograph for Exercises 14 and 15. 
[ola[alalolals 
Complete. ‘*) * 
3. 83.4cg = mg | ‘*) cy ty a 
OOO 
= 10 hours 
4. 2759 mar = cm? 


14. Which type of farmer works the greatest number of 


: 
5. Find the absolute value: | —4.5]. HOMES Percek 


15. How many hours per week does a cash grain farmer 


6. What is the rate, in meters per second? 150 meters, : work? 
12 seconds 


Compute and simplify. 


7. Find the radius, the circumference, and the area of this 16. 14.85 Xx 0.001 17. 12,854 - 750,000 
circle. Use # for a. 

: 5 4 ae) 
18. 2 - 19. 4— — 2 
one 22 All| ? 9 18 
: 3.126 
20, 35.1 + (-2.61) Olea 

8. Simplify: V225. : ; 
22, 36 - (-3) + (- eo 
22 367 (3) (42) 23. = ( =) 


9. Approximate to three decimal places: V69. 
g) 24. 3(-45) (2 3-4) 


10. Add: —2 + 10. ii Subtract. 2) 18: 


eG) Gar) eG) 


Cumulative Review: Chapters 1-10 643 


Solve. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 
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7 is what percent of 8? 


4 is 125% of what number? 


Jacob had $324.98 in his bank account. He made two 
purchases, for $12.76 and $213.25, with his debit card, 
and then deposited his weekly pay of $429.72. The bank 
paid $0.97 in interest and deducted a service charge of 
$3.00. How much is now in his account? 


A can of fruit has a diameter of 7 cm and a height of 8 
cm. Find the volume. Use 3.14 for a. 


The following temperatures were recorded at 
intervals of four hours on a certain day in Seattle: 
42°, 40°, 43°, 52°, 50°, 40°. What was the average 
temperature for the day? 


Thirteen percent of a student body of 600 made the 
Dean’s list. How many students made the Dean’s 
list? 


A lot is 125.5 m by 75 m. A rectangular house that 
measures 60 m by 40.5 m and a rectangular swimming 
pool that measures 10 m by 8 m are built on the lot. 
How much area is left? 


A recipe for a pie crust calls for 1} cups of flour, and a 
recipe for a cake calls for 14 cups of flour. How many 
cups of flour are needed to make both recipes? 


One year, the four top winners in a television game 
show won $74,834, $58,253, $57,200, and $49,154. How 
much did these four win in all? What were the average 
earnings? 


Real Numbers 


. A power walker circled a block 6.5 times. If the distance 


around the block is 0.7 km, how far did the walker 
travel? 


. The table below lists car sales by Benson Auto 


Company over several months. Make a line graph of 
the data. 


1 29 
6 34 


Estimate each of the following as a whole number or as a 
mixed numeral where the fractional part is 5. 


8 3 

Wh IO Gees 

: ar sa 17 
3 Ss dil 
. 7 + 4 - 
2 "0 % 29 


41. Find the missing angle measure. 


BDy 


28° ey 
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11.1 Introduction to Algebra 
11.2 Solving Equations: 
The Addition Principle 
11.3 Solving Equations: The 
Multiplication Principle 


Mid-Chapter Review 
11.4 Using the Principles 
Together 


11.5 Clearing Fractions and 
Decimals 


11.6 Applications and Problem 
Solving 


Translating for Success 


Algebra: Solving Equations cei 
and Problems be 


Cumulative Review 


Roller coasters, water slides, and drop rides help to make amusement parks 


popular recreation destinations around the world. This is especially true in North 


America. Although North 
Americans make up only 5% 
of the world population, the 
graph on the right indicates 
that 40% of amusement 
park visits worldwide are in 
North America. 


DATA: worldpopulationreview.com 


Amusement Park Visitors 


3% 


North America 

BB Asia 

HB Europe, Middle East, 
and Africa 

i Latin America 


DATA: International Association of Amusement Parks and Attractions 


We will calculate the speed of the fastest steel roller coaster in the 
United States in Example 11 of Section 11.6. 
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STUDYING FORSUCCESS Preparing for the Final Exam 


{_) Browse through each chapter, reviewing highlighted or boxed information and noting 
important formulas. 


Attend any exam tutoring sessions offered by your college or university. 
Retake the chapter tests that you took in class, or take the chapter tests in the text. 


OOUU0 


Work through the Cumulative Review for Chapters 1-11 as a sample final exam. 


11.1 


OBJECTIVES 


(a) Evaluate an algebraic 
expression by substitution. 


Db Use the distributive laws to 
multiply expressions like 8 
and x — y. 


(©) Use the distributive laws 
to factor expressions like 
4x — 12 + 24y. 


@ Collect like terms. 


Introduction to Algebra 


The study of algebra involves the use of equations to solve problems. 
Equations are constructed from algebraic expressions. 


a EVALUATING ALGEBRAIC EXPRESSIONS 


Simplify fraction notation. |2.5b] 
Simplify. 


Answers: 1.5 2.26 


MyLab Math 
VIDEO 


In arithmetic, you have worked with expressions such as 


49 + 75, 8 X 6.07, 29 — 14, and > 


In algebra, we can use letters to represent numbers and work with algebraic 
expressions such as 


x+75, 8Xy, 29-4, and : 


Sometimes a letter can represent various numbers. In that case, we call the 
letter a variable. Let a = your age. Then a is a variable because a changes 
from year to year. Sometimes a letter can stand for just one number. In that 
case, we call the letter a constant. Let b = your year of birth. Then b is a 
constant. 

An algebraic expression consists of variables, constants, numerals, 
operation signs, and/or grouping symbols. When we replace a variable with a 
number, we say that we are substituting for the variable. When we replace all 
of the variables in an expression with numbers and carry out the operations 
in the expression, we are evaluating the expression. 


EXAMPLE 1 Evaluate x + y when x = 37 and y = 29. 
We substitute 37 for x and 29 for y and carry out the addition: 
x+y = 37+ 29 = 66. 


The number 66 is called the value of the expression when x = 37 and 
y = 29, Oo 
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Algebraic expressions involving multiplication can be written in several 
ways. For example, “8 times a” can be written as 


8 X a, 8+a, 8(a), orsimply 8a. 
Two letters written together without an operation sign, such as ab, also 
indicate a multiplication. 
EXAMPLE 2 Evaluate 3y for y = 14. 
3y = 3(14) = 42 
Do Exercises 1-3. D 
EXAMPLE 3 Area of a Rectangle. The area A of a rectangle of length / 


and width w is given by the formula A = /w. Find the area when / is 24.5 in. 
and w is 16 in. 


We substitute 24.5 in. for / and 16 in. for w and then carry out the 
multiplication: 
A = lw = (24.5 in.)(16 in.) 
= (24.5)(16)(in.)(in.) 
= 392 in’, or 392 square inches. 1 


Do Exercise 4. > 


Algebraic expressions involving division can also be written in several 
ways. For example, “8 divided by ?” can be written as 
8 1 
8+ 4, , 8/t, or Be 


where the fraction bar is a division symbol. 


EXAMPLE 4 Evaluate 7 for a = 63 and b = 9. 


We substitute 63 for a and 9 for b and carry out the division: 


a 63 © 


a 
b 9! 


+ 
EXAMPLE 5 Evaluate re form = 8 andn = 16. 


mtn _8+16 _ 24 
12 12 12 


=2 


Do Exercises 5 and 6. > 


1. Evaluate a + b when a = 38 
and b = 26. 


2. Evaluate x — y when x = 57 
and y = 29. 


3. Evaluate 4t when t = 15 and 
when t = —6.8. 


pcs) 4. Find the area of a rectangle 
when / is 24 ft and w is 8 ft. 


A=lw 
A = (24 ft)( ) 
= (24)( (ft) (ft) 
= 192 , or 
192 square feet 


5. Evaluate 5 When a = —200 


and b = 8. 
+ 
6. Evaluate fee when p = 40 
and q = 25. 
Answers 


1. 64 2. 28 3. 60; —27.2 
4. 192 ft? 5. -25 6.5 


Guided Solution: 
4. 8 ft, 8, ft? 
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Complete each table by evaluating 
each expression for the given values. 


ML vaneotx [ix | x) 


x= 
x=-6 
x= 48 


x= 
x=-6 
x= 48 


Evaluating Algebraic 
Expressions Wecanusea 
calculator to evaluate algebraic 
expressions. To evaluate x — y 
when x = 48 and y = —19, for 
example, we press[4] [8] [=] [1 
[9] [=]. The calculator 
displays the result, 67. 

When we evaluate an expres- 


. , sxt+y 
sion like ~F* we must enclose 


the numerator in parentheses. 
To evaluate this expression when 
xX = 24and y = 16, we press 


[3] J [2] 4) 4) 2) [os] 
=| [4] [=]. The calculator 
displays the result, 22. 


EXERCISES: Evaluate. 


1. . when a = 54 and 


2 
‘ -— when m = 38 and 
n 


+ 
Z when p = 47 and 


Answers 


7. 3,3; —6, —6; 4.8, 4.8 
8. 4, 10; —12, —30; 9.6, 24 


b EQUIVALENT EXPRESSIONS AND 
THE DISTRIBUTIVE LAWS 


In solving equations and doing other kinds of work in algebra, we manipu- 
late expressions in various ways. To see how to do this, let’s consider some 
examples in which we evaluate expressions. 


EXAMPLE 6 Evaluate 1: x when x = 5 and when x = —8 and compare 
the results to x. 


We substitute 5 for x: 
lex=1°a = 5. 
Then we substitute —8 for x: 
1-x =1-(-8) = -8. 
We see that 1 -x and x represent the same number. 
< Do Exercises 7 and 8. 
We see in Example 6 and in Margin Exercise 7 that the expressions 1 - x 


and x represent the same number for any allowable replacement of x. In that 
sense, the expressions 1+ x and x are equivalent. 


EQUIVALENT EXPRESSIONS 


Two expressions that have the same value for all allowable replace- 
ments are called equivalent. 


In the expression 3/x, the number 0 is not an allowable replacement 
because 3/0 is not defined. Even so, the expressions 6/(2x) and 3/x are 
equivalent because they represent the same number for any allowable (not 0) 
replacement of x. For example, when x = 5, 

6 6 6 3 3. 3 


= De 10 5 OS 


We see in Margin Exercise 8 that the expressions 2x and 5x are not equivalent. 

The fact that 1+ x and x are equivalent is a law of real numbers called the 
identity property of 1. We often refer to the use of the identity property of 1 
as “multiplying by 1.” We have used multiplying by 1 many times in this text. 


THE IDENTITY PROPERTY OF 1 
(MULTIPLICATIVE IDENTITY) 


For any real number a, 


avl=l1-a=a. 


We now consider two other laws of real numbers called the distributive 
laws. They are the basis of many procedures in both arithmetic and algebra 
and are probably the most important laws that we use to manipulate alge- 
braic expressions. The first distributive law involves two operations: addition 
and multiplication. 
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Let’s begin by considering a multiplication problem from arithmetic: 
45 
x 7 
3 5<— This is 7-5. 
2 8 0<— This is 7-40. 
3 1 5<— This is the sum 7°40 + 7:5. 
To carry out the multiplication, we actually added two products. That is, 


7:45 = 7(40 + 5) = 7:40 +755. 


9. Complete this table. 


Let’s examine this further. If we wish to multiply a sum of several Values of 
numbers by a factor, we can either add and then multiply or multiply xandy 5(x + y) | 5x + 5y 
and then add. 


EXAMPLE 7 Evaluate 5(x + y) and 5x + 5y when x = 2and y = 8, 7 


and compare the results. 


We substitute 2 for x and 8 for y in each expression. Then we use 
the rules for order of operations to calculate. 


x=6,y=7 
x=-3,y=4 
x=-10,y=5 


a) S(x + y) = 5(2 + 8) = 5(10) = S50 
b) 5x + Sy = 5:2 + 5-8 = 10 + 40 = SO 
The results of (a) and (b) are the same. 
Do Exercises 9-11. D> 


The expressions 5(x + y) and 5x + Sy, in Example 7 and in Margin 
Exercise 9, are equivalent. They illustrate the distributive law of multiplication 
over addition. Margin Exercises 10 and 11 also illustrate this distributive law. 


THE DISTRIBUTIVE LAW OF 
MULTIPLICATION OVER ADDITION 


For any numbers a, b, and c, 


a(b + c) = ab + ac. 


In the statement of the distributive law, we know that in the expres- 
sion ab + ac, the multiplications are to be done first according to the rules 
for order of operations. So, instead of writing (4-5) + (4°7), we can write 
4-5 + 4-7. However, ina(b + c), we cannot omit the parentheses. If we did, 
we would have ab + c, which means (ab) + c. For example, 3(4 + 2) = 18, 
but 3-4 + 2 = 14. 

The second distributive law relates multiplication and subtraction. This 
law says that to multiply by a difference, we can either subtract and then 
multiply or multiply and then subtract. 


THE DISTRIBUTIVE LAW OF 
MULTIPLICATION OVER SUBTRACTION 


For any numbers a, b, and c, 


a(b — c) = ab — ac. 


10. Evaluate 6x + 6y and 6(x + y) 
when x = 10 and y = S. 


11. Evaluate 4(x + y) and 4x + 4y 
when x = 11 andy = 5. 


Answers 


9. 65, 65; 5,5; —25,—-25 10. 90; 90 
11. 64; 64 
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12. Evaluate 7(x — y) and 7x — 7y 
when x = 9and y = 7. 


13. Evaluate 6x — 6y and 6(x — y) 
when x = 10 and y = 5. 


14. Evaluate 2(x — y) and 2x — 2y 
when x = ll andy = 5. 


What are the terms of each 
expression? 


15. 5x — 4y + 3 


16. —4y — 2x + 3z 


Multiply. 
17. 3(x — 5) 
18. 5(x + 1) 


5 
19. rica —y+t+4) 


20. —2(x — 3) res 


= -2+x — ( )+3 
i | 
= S208 oP 


21. —5(x — 2y + 4z) 


Answers 


12. 14;14 13. 30;30 14. 12; 12 
15. 5x, —4y,3 16. —4y, —2x, 3z 
17. 3x —15 18. 5x +5 

5 5 
19. 7x gv t3 20. —2x + 6 
21. —Sx + 10y — 20z 


Guided Solution: 
20. —2, —6,6 


We often refer to “the distributive law” when we mean either or both of 
these laws. 


«@ Do Exercises 12-14. 


What do we mean by the terms of an expression? Terms are separated 
by addition signs. If there are subtraction signs, we can find an equivalent 
expression that uses addition signs. 

EXAMPLE 8 What are the terms of 3x — 4y + 2z? 
3x — 4y + 2z = 3x + (—4y) + 2z Separating parts with + signs 
The terms are 3x, —4y, and 2z. 
< Do Exercises 15 and 16. 
The distributive laws are the basis for multiplying algebraic expressions. 


In an expression such as 8(a + 2b — 7), we multiply each term inside the 
parentheses by 8: 


8(a + 2b — 7) = 8-a + 8:2b — 87 = 8a + 16b — 56. 


EXAMPLES Multiply. 


i) 


9. 9(x — 5) = 9x — 9(5) Using the distributive law of multiplication 
over subtraction 


= 9x — 45 
2 2 : : bop site he 
10. =-(w+1)=s:w+e-el Using the distributive law of 
2 3 3 ae ea 
multiplication over addition 
2 “ 2 
=—-w —_ 
3 3 @ 


EXAMPLE 11 Multiply: —4(x — 2y + 3z). 


—A(x — 2y + 3z) = —4+x — (—4)(2y) + (—4)(3z) Using both 
distributive 
laws 


= —4x — (—8y) + (-12z) Multiplying 
= —4x + 8y — 12z 


We can also do this problem by first finding an equivalent expression 
with all plus signs and then multiplying: 


—A(x = 2y + 3z) = —4[x% + (—2y) + 3z] 
—4+x + (—4)(—2y) + (-4)(3z) = —4x + 8y — 12z. 
«@ Do Exercises 17-21. 
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(©) FACTORING 


Find the factors of anumber.  {2.1a] 
List all factors of each number. 
1. 24 2. 90 


MyLab Math 
VIDEO 


Factoring is the reverse of multiplying. To factor, we can use the distributive 
laws in reverse: 


Answers: 1.1, 2, 3, 4, 6, 8, 12, 24 
24; 1, 2X, 3h, Sr, 9), WG), Wey, this}, S10), aS), ©) 


ab +ac=a(b+c) and ab—ac=a(b—-c). 


FACTOR 


To factor an expression is to find an equivalent expression that is a 
product. 


Look at Example 9. To factor 9x — 45, we find an equivalent expression 
that is a product, 9(x — 5). When all the terms of an expression have a fac- 
tor in common, we can “factor it out” using the distributive laws. Note the 
following. 


9x has the factors 9, —9, 3, —3, 1, —1, x, —x, 3x, —3x, 9x, —9x; 
—45 has the factors 1, —1, 3, —3,5, —5,9, —9, 15, —15, 45, —45. 


We remove the greatest common factor. In this case, that factor is 9. Thus, 
9x — 45 = 9-x — 9-5 
= 9(x — 5). 


Remember that an expression is factored when we find an equivalent 
expression that is a product. 


EXAMPLES Factor. 


12. 5x — 10 = 5-x —5°2 Try to do this step mentally. 


= 5(x — 2)< You can check by multiplying. 
13. 9x + 27y —-9 = 9x + 9-3y — 9-1 
= 9(x + 3y — 1) B 


EXAMPLES Factor. Try to write just the answer, if you can. 
14. 5x — Sy = 5(x — y) 
15. —3x + 6y — 9z = —3-x — 3(—2y) — 3(3z) = —3(% — 2y + 3z) 
We usually factor out a negative factor when the first term is negative. 


The way we factor can depend on the context in which we are working. 
We might also factor the expression in this example as follows: 


—3x + 6by — 9z = 3(—x + 2y — 3z). 
16. 18z — 12x — 24 = 6(3z — 2x — 4) 


Remember that you can always check factoring by multiplying. Keep in 
mind that an expression is factored when it is written as a product. 


Do Exercises 22-25. D> 


Vannesaealae eens Caution! eraser ee nee 


Note in Example 13 that although 
3(3x + 9y — 3) is also equivalent 
to 9x + 27y — 9, it is not the 
desired form. We can find the 
desired form by factoring out 
another factor of 3: 


9x + 27y — 9 = 3(3x + Dy — 3) 
= 3-3(x + 3y — 1) 
= 9(x + 3y — 1). 


Remember to factor out the greatest 
common factor. 


Factor. 
22. 6z — 12 


23. 3x — 6y + 9 


pcs) 24. 16a — 36b + 42 


=2-8¢=| -ieh + 2-21 
= Sa— 185 + 21) 


25. —12x + 32y — 16z 


Answers 

22. 6(z — 2) 23. 3(x — 2y + 3) 

24, 2(8a — 18b + 21) 

25. —4(3x — 8y + 4z), or 4(—3x + 8y — 4z) 
Guided Solution: 

24, 2,2 
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(@) COLLECTING LIKE TERMS 


Terms such as 5x and —4x, whose variable factors are exactly the same, are 
called like terms. Similarly, numbers, such as —7 and 13, are like terms. Also, 
3y? and 9y? are like terms because the variables are the same and have the 
same exponent. Terms such as 4y and 5y” are not like terms, and 7x and 2y 


Collect like terms. : 
are not like terms. 


ae ae SF The distributive laws are used to collect like terms. This procedure can 
also be called combining like terms. 

27, 7x — x 

28. x — 9x EXAMPLES Collect like terms. Try to write just the answer, if you can. 

29. x — 0.41x | | 


17. 4x + 2x = (4 + 2)x = 6x Factoring out the x using a distributive law 
30. 5x + 4y —- 2x -y 18. 2x + 3y — 5x — 2y = 2x — 5x + 3y — 2y 
L | L i 


ye 


31. 3x -7r— 11+ 8y+4- Ly @& = (2 —5)x + (3 — 2)y = —3x + y 
= (Sie jx + (8 — 13)y 19. 3x — x = 3x — ly = (3 — 1)x = 2x 
(i) 20. x — 0.24 = 1-x — 0.24x = (1 — 0.24)x = 0.76x 
a poe Wee ) 21. x — 6x = 1-x — 6+x = (1 — 6)x = —5x 
mae oe de Type Oy = 3 4+ 3 = 8 = = dy = 19 
2 4 1 2 4 1 
23. -a-b+ 2a+—b-10=— 7a-1+:b+ 2a+—b-10 
45 a ae : 7 2 3 5 + 3 5 4 
. xt+y 4 y 
3. 5 10 9 2 4 1 
=(—+—)Ja+(-1+—Jb- 
(2.404 (442p—1 
Answers _/10 12 4 1 
26. 3x 27. 6x 28. —8x 29, 0.59x Sie ase a ae 
30. 3x + 3y 31. —4x — 5y —7 79 3 
oe: 
eg? ty 3 =75 2-4? 10 
Guided Solution: 
31. 7,—11, -4, -5, -7 <@ Do Exercises 26-32. 


FOR 
11.1 a @ MyLab Math 


v Check Your Understanding 


Reading Check Classify each algebraic expression as involving either multiplication or division. 


RCL. 3/¢ RC2. 3q 
3 
RC3. 3+ RCA 7 


Concept Check Find the largest common factor of each pair of terms. 
CCI. 45, 10x CC2. 7x, 7 CC3. 16x, 24y CC4. dy, 4d 
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a Evaluate. 


1. 6x, when x = 7 2. 9t, when t = 8 3. = when x = 9and y = 3 
x 
m _ _ 3 5 
4. yy? When m = 18 and n = 3 5. =P when p = —2 and q = 6 6. >Y when y = —15 and z = —25 
q Zz 
+ P—4 
7. — Y when x = 10 and y = 20 8. 9? When p = 17 and q = 3 
9. ab, when a = —5 and b = 4 10. ba, when a = —5 andb = 4 
isi Evaluate. 
11. 10(x + y) and 10x + 10y, when x = 20 and y = 4 12. 5(a + b) and Sa + 5b, when a = 16 and b = 6 
13. 10(x — y) and 10x — 10y, when x = 20 and y = 4 14. 5(a — b) and 5a — 5b, when a = 16 and b = 6 
Multiply. 
15. 2(b + 5) 16. 4(x + 3) 17. 7(1 — t) 18. 4(1 — y) 
19. 6(5x + 2) 20. 9(6m + 7) 21. 7(x + 4+ 6y) 22. 4(5x + 8 + 3p) 
23. —7(y — 2) 24. —9(y — 7) 25. —9(—5x — 6y + 8) 26. —7(—2x — 5y + 9) 
3 2 
27. rics — 3y — 2z) 28. 5 (2% — Sy — 8z) 
29. 3.1(-1.2x + 3.2y — 1.1) 30. —2.1(-4.2x — 4.3y — 2.2) 


ee Factor. Check by multiplying. 


31. 2x + 4 32. Sy + 20 33. 30 + Sy 34. 7x + 28 
35. 14x + 21y 36. 18a + 24b 37. 5x + 10 + 15y 38. 9a + 27b + 81 
39. 8x — 24 40. 10x — 50 41. 32 — 4y 42. 24 — 6m 
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43. 8x + 10y — 22 44. 9a + 6b — 15 45. —18x — 12y + 6 46. —14x + 2ly +7 


ld) Collect like terms. 


47. 9a + 10a 48. 14x + 3x 49. 10a — a 

50. —10x + x 51. 2x + 9z + 6x 52. 3a — 5b + 4a 

53. 41a + 90 — 60a — 2 54. 42x — 6 — 4x + 20 55. 23 + 5t+ Jy —t-—y-— 27 

56. 95 — 90d — 87 — 9d +3 + 7d 57. 11x — 3x 58. 9t — 13¢ 

59. On — n 60. 10¢ — ¢ 61. y — 17y 

62. 5m — 8m + 4 63. —8 + lla — 5b + 6a —- 7b +7 64. 8x — 5x +6+ 3y—-2y—-4 

65. 9x + 2y — 5x 66. 8y — 3z + 4y 67. es ar an anny) 
4 3 5 6 

68. Me a 2, b — 42 69. 2.7x + 2.3y — 1.9x — 1.8y 70. 6.7a + 4.3b — 41a — 2.9b 


SKILL Maite mame oii ccccecccccceccececcescesevceseeseseveevevesvststesesevssvstsessvstvstevssvstvetvsttsesvseseess 


For a circle with the given radius, find the diameter, the circumference, and the area. Use 3.14 for 7. [9.3a, b, c] 


1 
71. r = 15 yd 72. r= 82m 732. r= 95 mi 74, r = 2400 cm 
For a circle with the given diameter, find the radius, the circumference, and the area. Use 3.14 for 7. [9.3a, b, c] 
75. d= 20mm 76. d = 264km 77. d = 4.6 ft 78. d = 10.3m 
BMV GENO Nine atta sents eta tv sesnlsa lacey Ls ecules yt phe Sen anata ids deta eoenarnatcedeblaa aa cimiaLeaDIENG 


Collect like terms, if possible, and factor the result, if possible. 


79. q + qr + qrs + qrst 80. 21x + 44xy + 15y — 16x — 8y — 38xy + 2y 
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Solving Equations: 


The Addition Principle 


Bl USING THE ADDITION PRINCIPLE 


Add and subtract real numbers. {10.2a], [10.3a] 
Add or subtract. 


ig 8) Dae Fi 


HQ) 


Answers: 1.5 2. —11 3.7 
Gs 
VIDEO 

Consider the equation x = 7. We can easily see that the solution of this 
equation is 7. If we replace x with 7, we get 7 = 7, which is true. 

Now consider the equation x + 6 = 13. The solution of this equation is 
also 7, but the fact that 7 is the solution is not as obvious. We now begin to 
consider principles that allow us to begin with an equation like x + 6 = 13 


and end with an equivalent equation, like x = 7, in which the variable is 
alone on one side and for which the solution is easier to find. 


EQUIVALENT EQUATIONS 


Equations with the same solutions are called equivalent equations. 


One of the principles that we use to solve equations is the addition prin- 
ciple, which we have used throughout this text. 


THE ADDITION PRINCIPLE FOR EQUATIONS 


For any real numbers a, b, and c, 


a=b isequivalentto atc=b+te. 


EXAMPLE 1 Solve: x + 6 = 13. 
We have 
x+6= 13 
x+6+ (-6) = 13 + (-6) 


We want to get x alone on one side. 
Using the addition principle: adding —6 
on both sides because 6 + (—6) = 0 


x+0=7 Simplifying 
x=7. Using the identity property of 0: 
x+0=x 


To check the answer, we substitute 7 for x in the original equation. 
Check: x+6= 13 
eR 
7+ 6? 13 
13 TRUE 


The solution of x + 6 = 13 is 7. 
Do Exercise 1. > 


11.2 


OBJECTIVE 


fy Solve equations using the 
addition principle. 


1. Solve x + 2 = 11 using the 
addition principle. 


x+2=11 
orate = 
38 55 =9 
AG — 

Answer 
1. 9 
Guided Solution: 
1. —2,0,9 
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Solve. 
2 x+7=2 
3. y+ 9 = 13 
Solve. 


4. 87=n-—45 


5.x -6=—-9 


Answers 
2-5 3.4 4.13.2 5. -3 


11.2 


When we use the addition principle, we sometimes say that we “add the 
same number on both sides of the equation.” Since 


a-—c=b-c isequivalentto a+ (-—c) = b+ (-c), 


the addition principle also tells us that we can “subtract the same number on 
both sides of an equation.” 


EXAMPLE 2 Solve: x + 5 = —7. 


x+5=-7 
et DSSS) =o Using the addition principle: adding —5 on 
both sides or subtracting 5 on both sides 


x+0=-12 Simplifying 
x=-12 Identity property of 0 
The solution of the original equation is —12. The equations x + 5 = —7 and 
x = —12 are equivalent. 


< Do Exercises 2 and 3. 


EXAMPLE 3 Solve: —6.5 = y — 8.4. 


-65=y- 84 
-65+84=y- 84+ 84 Using the addition principle: adding 


8.4 on both sides to eliminate —8.4 
on the right 


19=y 
Check: -6.5=y- 84 
65 719-84 
—6.5 TRUE 
The solution is 1.9. B 


Note that equations are reversible. That is, if a = b is true, then b = a 
is true. Thus, when we solve —6.5 = y — 8.4, we can reverse it and solve 
y — 84 = —6.5 if we wish. 


<@ Do Exercises 4 and 5. 


FOR 
EXTRA @ MyLab Math 
HELP 


VY Check your Understanding 


Reading Check Match each equation with the correct first step for solving it from the columns on the right. 


RC1.9=x-4 
RC2. 3 + x = —15 
RC3. x —-3 =9 
RC4.x+4=3 


a) Add —4 on both sides. b) Add 15 on both sides. 
c) Subtract 3 on both sides. d) Subtract 9 on both sides. 
e) Add 3 on both sides. f) Add 4 on both sides. 
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1.x+2=6 
Check: x +2=6 


ees 
? 


| 


5.x +6=8 


9 1l=y+7 


13. x + 16 = -2 


17.x-9= 


21. y-8=-9 


25. 5+t=7 


‘a] Solve using the addition principle. Don’t forget to check! 


2yt+4=11 


Ch 


eck: y+4= 11 
9 


| 


6. y+ 8 =37 


10. 14=y+8 


18. 


~ yt 34= -8 


La o'= 


-y—-6=-12 


26. 6+ y=22 


SECTION 11.2 


3.x+15=—-5 
Check: x +5 =-5 


ee 
? 


| 


7x+5=12 


1. -22=1+4 


15. y+9=-9 


19. ¢-3= 16 


27. -7 + y = 13 


4.¢+10= -4 
Check: t+ 10 = —4 


ee 
2 


8 x+3=7 


12. -14=1ft+8 


16. x + 13 = -13 


20. ¢- 5 = 12 


24. x—-5=—-16 


28. -8 + z= 16 
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1 8 3. «5 
7 ae =o a pe 3 Lrtsee tpt ee 
t 9 30. y 31. r 3°43 32. ¢ 87 8 
ee a: oe ee egoos a es 
aii aie cle” ameee cae tak 4 6 
1 1 i 3 
ee .-lty=-2 .7TA= x42. .93= 464+ 
ee he 7 38. —at y= 7 39. 74=x4+23 40. 93=464+x 
M4. 76=x-48 42. 95 =y—83 43. -9.7 = -4.7 + y 44. -78 =28+<x 
1 1 2 1 1 1 
.5S4x= »5-= 454 .Qtz=- . 47== —76 + 
45 56 x=7 46 57 43 x 47. q 3 7 48 47 76+ Zz 


SO TEN Vee UVR ANN racing ed enced ce Lin Salt nnd aan eta cs ae ls pad piled ci h duis dae dustns te viuibe 
Add. [10.2a] 


2.5 
49, —3 + (-8) ne 51. —14.3 + (19.8) 52. 3.2 + (4.9) 


Subtract. [10.3a] 


NO 
[wn 


53. —3 — (-8) = arr 55. —14.3 — (-19.8) 56. 3.2 — (—4.9) 
Multiply. [10.4a] 
25 

57. —3(—8) 58. — 5°53 59, —14.3 x (-19.8) 60. 3.2(—4.9) 
Divide. [10.5a, c] 
a= es 2.5 7 283.14 re —15.68 

° 3 "3° 8 * 19.8 “3.2 
Sy EMS SAS jc: des be cep dec bassstestarslenganbaaietsbouFtnevastcrantteetaadebas'pecaesatied aa tassvathbiealaa pandas bots puinniiasinteteiSbitaenmntiad 
Solve. 

4 3 
65. f] —356.788 = —699.034 + t 66. —= 4 . =x 
4 2 4 

Oh eT ge ae 68. 8 — 25=8+x-21 
69. 16+ x — 22 = -16 70. x+x=x 
ee 2. |x| =5 

° 2 r A= 7 2 ° xX = 
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Solving Equations: 


The Multiplication Principle 1 1 x 3 


a USING THE MULTIPLICATION PRINCIPLE = =< © ....... ee cote 


a Solve equations using the 
Find the reciprocal of a realnumber. [{10.5b] 
Find the reciprocal. 


multiplication principle. 


5 
ik 5 2s ai a5. = 110) 
1 4 1 
Answers: 1. 5 2. 5 3. “io ‘MyLab Math 
VIDEO ANIMATION 


Suppose that a = b is true, and we multiply a by some number c. We get the 
same answer if we multiply b by c, because a and b are the same number. 


THE MULTIPLICATION PRINCIPLE FOR EQUATIONS 


For any real numbers a, b, and c, c 4 0, 


a=b_ isequivalentto a-:c =b-c. 


When using the multiplication principle, we sometimes say that we 
“multiply on both sides of the equation by the same number.” 


EXAMPLE 1 Solve: 5x = 70. 


To get x alone on one side, we multiply by the multiplicative inverse, 
or reciprocal, of 5. Then we get the multiplicative identity 1 times x, or 1+ x, 
which simplifies to x. This allows us to eliminate 5 on the left. 


5x = 70 The reciprocal of 5 is $. 
| 1 
5" 5x = 5" 70 Multiplying by t to get 1-x and eliminate 5 on the left 
lex = 14 Simplifying 
x= 14 Identity property of 1: 1-x = x 
Check: 5x = 70 
ee ESE 
5-14 ? 70 
70 TRUE 
The solution is 14. @ 


The multiplication principle also tells us that we can “divide on both 
sides of the equation by the same nonzero number.” This is because dividing 
is the same as multiplying by a reciprocal. That is, 


1 1 
. = , is equivalent to a-—=b:—, whenc #0. 
In an expression like 5x in Example 1, the number 5 is called the coef- 
ficient. Example 1 could be done as in the next example, dividing by 5, the 


coefficient of x, on both sides. 
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EXAMPLE 2 Solve: 5x = 70. 


5x = 70 
5 70 
= => Dividing by 5 on both sides. 


1-x = 14 Simplifying 
x = 14 Identity property of 1. The solution is 14. 


<@ Do Exercises 1 and 2. 


EXAMPLE 3 Solve: —4x = 92. 


—4x = 92 
Tax 92 Using the multiplication principle. Dividing by 
| —4 on both sides is the same as multiplying by i 


1-x = —23 Simplifying 
x = —23 Identity property of 1 
Check: —4x = 92 
EC el 
—4(-23) ? 92 
92 TRUE 


The solution is —23. 


EXAMPLE 4 Solve: —x = 9. 


—-x =9 
—-1-x=9 Using the property of —1: —x = —-1-x 
—1- 9 
= =a Dividing by —1 on both sides: —1/(—1) = 1 
Lex = =9 
G==9 
Check: —-x=9 
—— 
=—(=8) 2 9 
Solve. 9 | TRUE 
3. —6x = 108 


The solution is —9. 


4. -x = 10 <@ Do Exercises 3 and 4. 


EXAMPLE 5 Solve: 1.16y = 9744. 


1.16y = 9744 
1.l6y 9744 ae 
Selva: 16 Lig Dividing by 1.16 on both sides 
5. 1.12x = 8736 9744 
VS ae 
6. 6.3 = —2.ly 1.16 
y = 8400 Simplifying 
Answers The solution is 8400. 
1; 45°; 3. -18 4. -10 5. 7800 << Do Exercises 5 and 6. 
6. -3 
Guided Solutions: 
1. oh ee ee 
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In practice, it is generally more convenient to divide on both sides of 
the equation if the coefficient of the variable is in decimal notation or is an 
integer. If the coefficient is in fraction notation, it is usually more convenient 
to multiply by a reciprocal. 


EXAMPLE 6 Solve: - = =2y, 


The reciprocal of -3 iB z, There is no 
sign change. 


ee: ( =x) Multiplying by —3 to get 1+x and 
5 4 


5 8 eliminate —j on the right 
12 
—“=1-x 
40 
= 1 Simplifyi 
10 1% implifying 
3 : 
“io =x Identity property of 1 
3 5 
heck: oS a 
Chec 3 ax 
iter as 
aes 
8 4\ 10 
2 TRUE 
8 


3 
The solution is — —. 
e solution is — 7) 


Do Exercise 7. > 


EXAMPLE 7 Solve: ri = {a 


a4 a = 9-14 Multiplying by 9 on both sides 


—y = 126 
—1-(-y) = -1-126 Multiplying by —1 on both sides 
y = —126 


Check: —~=14 


14 TRUE 


The solution is —126. 
Do Exercise 8. > 


Do same 2- 
qs ike == = Sy, 
Solve. 6 
a) 
ae Ge 
2=-$.(2 
Srmr Sloe 
Pacaras: 
-—=) 


~y 
. Solve: —14 = —. 
8. Solve 5 


Answers 


7. —+ 8.28 
-—5 3 


Guided Solution: 
6 

7. —>, 12,4 
sl 
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FOR 
EXTRA @ MyLab Math 
HELP 


VY Check Your Understanding 


Reading Check Choose from the column on the right the most appropriate term for each item. 


RC1. For all real numbers a, b, and c, c # 0, a=b is 
equivalent to a-c = b-c. 


a) Coefficient 
b) Reciprocals 
RC2. For all real numbers x, 1+ x = x. c) Identity property of 1 


ROS The nuinber Tange d) Multiplication principle for equations 


3 


D 
RC4, — and > 


3 
Concept Check Choose from the column on the right the most appropriate first step in solving each equation. 


1 6 She 
CCl. 3 = ——x a) Divide by 12 on both sides 
a b) Multiply by 6 on both sides. 


C@2. =6x = 12 c) Multiply by 12 on both sides. 
d) Divide by —6 on both sides. 
CC3. 12x = —6 ae : 
e) Divide by 6 on both sides. 
CC4. a = 12 f) Multiply by —12 on both sides. 
“6 


a Solve using the multiplication principle. Don’t forget to check! 

1. 6x = 36 2. 4x = 52 3. Sx = 45 4. 8x = 56 

5. 84 = 7x 6. 63 = 7x 7. —x = 40 8. 50 = —x 

9 6x = —42 10. 8% = —72 11. 7x = —49 12. 9x = —54 
13. —12x = 72 14. —15x = 105 15. —9x = 45 16. —7x = 56 
17. —21x = —126 18. —13x = —104 19. —2x = —10 20. —78 = —39p 
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21. =t = — 22. -~y= 11 23. —x = 2 24. —x =1 
3 9 3) 3. —X 7 5° 6 


25, : t=7 26 : 9 27 : 1 28 ! : 
. —st= TTX = . m= SS ._ => 
3 6° ae Re 
29 3 9 30 2 4 31 3 27 30 5 10 
. — r= . y= ra ._7-sr = . SX = 
5” 10 5 45 y) 4 7 14 
33. 6.3x = 44.1 34. 2.7y = —54 35. —3.1y = 21.7 36. —3.3y = 6.6 
2 9 
37. —38.7m = 309.6 38. 29.4m = 235.2 39. —3Y = —10.6 40. ~ 4 = 12.06 
-x -—x t m 
41. —=1 42. —=—-16 = 44. — = 10 
5 0 8 43. — 5) 7 3 
Ski Maite mane oii iicccccccececececeseceseeeesevesevsssssvevevevevevevevevevevevevevevevevevevsvevevevevevevevevivivevisieiteeseeeess 
45. Find the circumference, the diameter, and the area of a 46. Find the circumference, the radius, and the area of a 
circle whose radius is 10 ft. Use 3.14 for 7. circle whose diameter is 24 cm. Use 3.14 for 7. 
[9.3a, b, c] [9.3a, b, c] 
47. Find the volume of a rectangular block of granite of 48. Find the volume of a rectangular solid of length 
length 25 ft, width 10 ft, and height 32 ft. 1.3 cm, width 10 cm, and height 2.4 cm. 
[9.4a] [9.4a] 


Find the area of each figure. [9.2b] 
49. 6.5 in. 50. 


|—9 m+ 
le 10,5 jo 4) 
SNM Nes tte cn helt sla tPA placename bp can ee ee oases eet atpiasetaten 
Solve. 
51. —0.2344m = 2028.732 52. O-x = 53. O-x = 
54. 4|x| = 48 55. 2|x| = —12 


56. A student made a calculation and got an answer of 22.5. On the last step, the student multiplied by 0.3 when she should 
have divided by 0.3. What should the correct answer be? 
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Mid-Chapter Review 


Concept Reinforcement 

Determine whether each statement is true or false. 
1. The expression 2(x + 3) is equivalent to the expression 2:x + 3. [11.1b] 
2. To factor an expression is to find an equivalent expression that is a product. [11.1c] 
3. Collecting like terms is based on the distributive laws. [11.1d] 


4. 3 — x = 4x and 5x = —3 are equivalent equations. [11.2a| 


Guided Solutions 


Fill in each blank with the number, variable, or expression that creates a correct statement or solution. 
5. Factor: 6x — 3y + 18. [[l1.1c] 


Ge = Sy ab IS = Be =3e “7 go = ( = <P (0) 

Solve. [11.2a], [11.3a] 

6. e+ 5 = =3 Te —6x = 42 
ap) =) Ss) =6r 42 
Je ar = —& =0 

x= og = 7) 
x= 


Mixed Review 
Evaluate. [11.1a] 


8. 4x, when x = —7 9. £ when a = 56andb = 8 10. ee 


b 3 , When m = 17 andn = 2 


Multiply. [11.1b] 
11. 3(x + 5) Aly — 7) 13. 6(3x + 2y — 1) 14. -2(—3x — y + 8) 


Factor. [11.1c] 
1S Sy ap Zil 16. Sz + 45 ith Ske = 36 18. 24a — 8 


10) 4be ar Oy = 2 A), Woe = Shp ar 3 il, 4k = I2ip sp 32 22. 30a — 18b — 24 
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Collect like terms. [11.1d] 
ab Tee ar OX 24. 3y —y 


Solve. [11.2a], [11.3a] 


ti, Soap 3 = iil Pah sar Y= = 3) 28 

30. x —-6= 14 31. y-7=-2 32 

Yb ye eee ee 36 
BRS 5 ay ead ; 

38. 71 = 42 39. 144 = 12y 40. 

42. —Sy = —85 43. —8x = 48 44, 

46 z zZ 47. 2, 22 48 
0 LSS oe) a ae ory 0 
4 8 6 18 


Understanding Through Discussion and Writing 


50. Determine whether (a + b)* and a* + b? are S10 


equivalent for all real numbers. Explain. [11.1a| 


52. Explain the following mistake made by a fellow Bb 


student. [11.2a] 


ii 5 
x PHP ane 
3 3 


4 
GS re 
3 


25 Ske = By sr © — Bie ar yy = & 


Bete 29. -T=y+3 
0 ep os ees 
46=x +39 3733198 
17 = -1 i, Ge = <2 
ae isc2 S83 

3 

los oe 49. we 


The distributive law is introduced before the 
material on collecting like terms. Why do you think 
this is? [11.1d] 


Explain the following mistake made by a fellow 
student. [11.3a] 


Mid-Chapter Review: Chapter 11 665 


STUDYING FORSUCCESS Looking Ahead 


{_) As you register for next semester’s courses, evaluate your work and family commitments. 


(_) If you are registering for another math course, consider keeping your notes, tests, and text 
from this course as a resource. 


11.4 


al APPLYING BOTH PRINCIPLES 
OBJECTIVES 


Dette rnee etre ener ree nnner tee neeere es Consider the equation 3x + 4 = 13. In order to solve such an equation, we 
a Solve equations using both first isolate the x-term, 3x, using the addition principle. Then we apply the 
the addition principle and the multiplication principle to get x by itself. 
multiplication principle. 
Db Solve equations in which like 
terms may need to be collected. 


© Solve equations by first 


Using the Principles Together 


EXAMPLE 1 Solve: 3x + 4 = 13. 


3x +4 = 13 
3x +4-4=13-4 Using the addition principle: 


: th d subtracting 4 on both sides 
removing parentheses an First isolate _ we dane 
collecting like terms. (ie ote. ee Simplifying 
3x _ 9 Using the multiplication principle: 
3 3 dividing by 3 on both sides 
Then isolate x. = 3 Simplifying 
Check: 3x +4 = 13 
a ea 
3-3 +4? 13 We use the rules for order of operations 
9+4 to carry out the check. We find the 
product 3-3. Then we add 4. 
13 TRUE 


The solution is 3. 


1. Solve: 9x + 6 = 51. <@ Do Exercise 1. 


EXAMPLE 2 Solve: —5x — 6 = 16. 


—5x — 6 = 16 
—5x-6+6=16+ 6 Adding 6 on both sides 
—Sx = 22 
—5x 22 ee ‘ 
= = 5 Dividing by —5 on both sides 
22 2 eee 
x= eo or ~45 Simplifying 


Answer 
1,5 
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Check: —5x —-6= 16 


TRUE 


22 
The solution is — 5 


EXAMPLE 3 Solve: 45 — x = 13. 


Do Exercises 2 and 3. > 


Solve. 
2. 8x — 4 = 28 


1 
3. gaat 


45 —x = 13 
—45 + 45 —x = —45 + 13 Adding —45 on both sides 
—x = —32 
—1+(-x) = -1-(—32) Multiplying by —1 on both sides 
—1+(-1)-x = 32 
x = 32 


Check: 45-x=13 
Lee eee: 
45 — 32 ? 13 

13 TRUE 


The solution is 32. 


EXAMPLE 4 Solve: 16.3 — 7.2y = —8.18. 


16.3 — 7.2y = —8.18 
—16.3 + 16.3 — 7.2y = 163 + (-8.18) 


~7.2y = —24.48 
~1.2y _ -24.48 
2 See 
=34 
Check: 16.3 — 7.2y = -8.18 
16.3 — 7.2(3.4) ? -8.18 
16.3 — 24.48 
—8.18 TRUE 


The solution is 3.4. 


pcs) 4. Solve: —18 — m = —57. 


18 — 18 -m= = 51) 
= —39 
(-m) = ~1(-39) 
= 39 
Do Exercise 4. D 
Adding —16.3 on 
both sides 
Dividing by —7.2 on 
both sides 
Solve. 
5. -4- 8 =8 
Do Exercises 5 and 6. > 6. 41.68 = 4.7 — 8.6y 


Answers 


2.4 3.4 4. 39 8. -5 
6. —4.3 


Guided Solution: 
4. 18,-—m,—-1, m 
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Solve. 
7. 4x + 3x = -21 


8. x — 0.09x = 728 


Solve. 
9. 7y +5 = 2y + 10 


10. 5 — 2y = 3y — 5 


Answers 
7. —3 8 800 91 10.2 


B) COLLECTING LIKE TERMS 


Collect like terms. {11.1d] 
Collect like terms. 
ik @ ap Si = il sh Sq = 2, Tel a IO = ily = 2 = ie! 


Answers: 1.6q + 4¢ — 1 2.—3d + 14 — 1lw 
MyLab Math 
VIDEO 


If there are like terms on one side of the equation, we collect them before 
using the addition principle or the multiplication principle. 


EXAMPLE 5 Solve: 3x + 4x = —14. 


3x + 4x = —-14 
7x = —14 Collecting like terms 
7x  —14 ore ; 
7 = 7 Dividing by 7 on both sides 
x= -2 


The number —2 checks, so the solution is —2. 
< Do Exercises 7 and 8. 

If there are like terms on opposite sides of the equation, we get them on 
the same side by using the addition principle. Then we collect them. In other 


words, we get all terms with a variable on one side of the equation and all 
terms without a variable on the other side. 


EXAMPLE 6 Solve: 2x — 2 = —3x + 3. 
2x -2= -3x +3 
2K = 2 2S =30 +3 2 Adding 2 


2x = —3x + 5 Collecting like terms 
2x + 3x = —3x +5 + 3x Adding 3x 
Sx =5 Collecting like terms. 
= = : Dividing by 5 
5 > 
=1 Simplifying 
Check: 2x —2 = —3x +3 


T 
2°1 = 2.7 =39143 Substituting in the original equation 
22 2.) =3 43 
01 0 TRUE 


The solution is 1. 


< Do Exercises 9 and 10. 


In Example 6, we used the addition principle to get all terms with a 
variable on one side of the equation and all terms without a variable on the 
other side. Then we collected like terms and proceeded as before. If there 
are like terms on one side at the outset, as in Example 5, they should be 
collected first. 
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EXAMPLE 7 Solve: 6x + 5 — 7x = 10 — 4x + 3. 
6x +5-—7x =10- 4% 4+ 3 


Solve. 


—-x+5=13- 4x Collecting like terms )cs) Ai eo eds 
4x —-x+5=13-4%4+ 4x Adding 4x eo 17 47 = 8x 
3x +5 = 13 Simplifying Qe 4 Op = 17 = 17 — Se = 
3x +5 —-5=13-5 Subtracting 5 = 1 = 17) 
3x = 8 Simplifying We = WY ae = 17 se 
3x 8 17x = 34 
SSF Dividing by 3 
373 ividing by ix 34 
_38 eee 17 
x= 3 Simplifying -9 
The number § checks, so § is the solution. 
Do Exercises 11 and 12. D> 12. 3x — 15 = 5x +2 — 4x 
(©) EQUATIONS CONTAINING PARENTHESES 
Use the distributive laws to multiply expressions like8 and x — y. {11.1b] 
Simplify. 
ih, Age = 3) S} 2 © = Doe sr 2) ah gear Sse = 2) 
Answers: 1. 4x — 17 
4 =e = 112 3 Bikey = 10) 
VIDEO 
To solve certain kinds of equations that contain parentheses, we first use 
the distributive laws to remove the parentheses. Then we proceed as before. 
EXAMPLE 8 Solve: 8x = 2(12 — 2x). 
8x = 2(12 — 2x) 
8x = 24 — 4x Using the distributive law to multiply 
and remove parentheses 
8x + 4x = 24 — 4x + 4x Adding 4x to get all x-terms on one side 
12x = 24 Collecting like terms 
a Dividing by 12 
D D ividing by 
x=2 
Check: 8x = 2(12 — 2x) 
a2 2(12 — 2:2) We use the rules for order of operations 
16 | 2(12 — 4) to carry out the calculations on each 
side of the equation. 
2°8 Solve. 
16 TRUE 13. 2(2y + 3) = 14 
The solution is 2. 14. 5(3x = 2) = 35 


Do Exercises 13 and 14. D> 


Answers 
17 
11.2 12. - 13.2 14.3 


Guided Solution: 
11. 9, 8x, 17, 17, 17, x 
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Solve. 
15. 3(7 + 2x) = 30 + 7(x — 1) 


16. 4(3 + 5x) — 4 =3 + 2(x - 2) 


Answers 


1 
15. —2 16. =a 


Here is a procedure for solving the types of equations discussed in this 
section. 


AN EQUATION-SOLVING PROCEDURE 


1. If the equation contains parentheses, multiply using the 
distributive laws to remove them. 


2. Collect like terms on each side, if necessary. 


3. Get all terms with variables on one side and all constant terms 
on the other side, using the addition principle. 


4. Collect like terms again, if necessary. 


5. Multiply or divide to solve for the variable, using the 
multiplication principle. 


6. Check all possible solutions in the original equation. 


EXAMPLE 9 Solve: 2 — 5(x + 5) = 3(x — 2) - 1. 
2—5(x +5) = 3(x-2)-1 


2— 94-23: =34— 6- 1 Using the distributive laws to 
multiply and remove parentheses 
5x — 23 = 3x —7 Collecting like terms 
—5x — 23 + 5x = 3x —7 + 5x Adding 5x 
—23 = 8x —7 Collecting like terms 
—23 +7=8x-7+7 Adding 7 
—16 = 8&x Collecting like terms 
a = = Dividing by 8 
8 8 
—2=x 
Check: 2—5(x +5) = 3(x-2)-1 


S258 5) 0 90 = 2) 41 
= $63) | S(=a) =41 
$= 15) |= =1 
—13 | -13 TRUE 


The solution is —2. 


Note that the solution of —2 = x is —2, which is also the solution of 
x= -2. 


< Do Exercises 15 and 16. 
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v Check Your Understanding 


Reading Check Choose from the list on the right the most appropriate word to complete each statement. 
Not every word will be used. 


RC1. When solving equations, we may need to check 
like terms. ByinaAn 
RC2. We should all possible distributive 
solutions in the original equation. collect 
RC3. We can remove parentheses using the multiplication 
laws. commutative 


RC4. We use the principle 
when dividing both sides of an equation by —1. 


Concept Check Use the distributive laws to remove parentheses and simplify each expression. 
(CCiL, Ae = 7) se Se (Ox, abe +r Q(Qxe = 5) (CCE, =2yp sb Sip se 7) 
CC4. 8y — (Sy + 6) (COS, m= (a = 1) CC6. 12 — 4(n — 3) 


a Solve. Don’t forget to check! 


1. 5x + 6 = 31 2. 8x + 6 = 30 3. 8x + 4 = 68 4. 8z+7=79 
5. 4x — 6 = 34 6. 4x — 11 = 21 7. 3x — 9 = 33 8. 6x — 9 = 57 
9, 7x +2 = —54 10. 5x + 4 = —41 ll. —45 = 3 + 6y 12. —91 = 9t + 8 
13. —4x + 7 = 35 14. —S5x — 7 = 108 15. —7x — 24 = —129 16. —6z — 18 = —132 
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b Solve. 


17. 5x + 7x = 72 
20. 3x + 9x = 96 
23. —6y — 3y = 27 


26. —10y — 3y = —39 
1 
29. x + 3% =8 


32. 4x — 6 = 6x 

35. 2x -1=4+x 

38. Sy + 3 = 2y + 15 
41..4+3x-6=3x+2-x 


43. d4y —4+ y+ 24 = 6y + 20 — 4y 


a Solve. 


45, 3(2y — 3) = 27 
48. 9 = 3(5x — 2) 


51. 5r — (2r + 8) = 16 


18. 4x + 5x = 45 
21. 4x + 3x = 42 
24. —4y — 8y = 48 


27, 102y = 73y = —58 
i ee = 10 
lo Xt ae = 


33. 8x — 1 = 23 — 4x 
36. 5x —-2=6+%x 


39. 5 — 2x = 3x — 7x + 25 


19. 8x + 7x = 60 


22. 6x + 19x = 100 


25. —7y — 8y = -15 


28. 6.8y — 2.4y = —88 


31. 8y — 35 = 3y 


34. Sy —-2 = 28 —y 


37. 6x +3 =2x+11 


40. 10 — 3x = 2x — 8x + 40 


42.5 +4%-7=4x%-2-x 


44. 5y-—7+y=Ty + 21 — 5y 


46. 4(2y — 3) = 28 


49, 2(3 + 4m) — 9 = 45 


52. 6b — (3b + 8) = 16 
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47, 40 = 5(3x + 2) 


50. 3(5 + 3m) — 8 = 88 


53. 6 — 2(3x — 1) =2 
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54. 10 — 3(2x —1) =1 55. 5(d + 4) = 7(d — 2) 56. 3(t — 2) = 9(t + 2) 


57. 8(2t + 1) = 4(7t + 7) 58. 7(5x — 2) = 6(6x — 1) 

59, 3(r — 6) +2 = 4(r + 2) — 21 60. 5(¢+ 3) +9 = 3(t— 2) + 6 

61. 19 — (2x + 3) = 2(x +3) +x 62. 13 — (2c + 2) = 2(c + 2) + 3c 
63. a+ (a — 3) = (a+ 2) — (a+ 1) 64. y + (y +8) =(y +7) - (y— 3) 


SKILL Mainte mame oii ccccccccccccccecceccccccccesecceveceevssveceecsevesvacsessevssvssvavsevssvstvatevssvssvatestsevssessvetvevevesessess 


Find decimal notation. [6.1b] Find percent notation. [6.2a| 
7 19 

65. 450% 66. 0.09% ie. ey et 

: 16 o 25 
Complete. 
69. 2hg = g [8.4b] 70. 14.7m = km_ [8.2a] 71. 18,000 cm = m_ [8.2a] 
72. Find the measure of the complement of 73. Find the measure of the supplement of 

52°, [9.5c] 85°. [9.5c] 


74. Fredrika earns $42,100 one year. The next year, she suffers a 6% decrease in salary. What is her new 
salary? [6.5a] 


BUA SS cat ce ea ceca pete tele deze gchar acetic ced oh ee elementals 
Solve. 

75. 0.7(3x + 6) = 1.1 - (x + 2) 76. 0.9(2x + 8) = 20 - (x + 5) 

77. 13 — 0.5(a — 2) = 15 — (a +5) 78. 0.8 — 4(b — 1) = 0.2 + 3(4 - b) 


79. The width of a rectangle is 3 ft, its length is (5x + 1) ft, and its area is 30 ft. Find x. 
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Clearing Fractions and Decimals 


1 1 @ 5 

If an equation contains fractions or decimals, we can “clear” the fractions or 
OBJECTIVES decimals using the multiplication principle. This allows us to continue solving 
apes otbieepansaeiay tae ege reenter te an equivalent equation that does not contain fractions or decimals. 


fa) Solve equations by first 
clearing fractions. 


Db Solve equations by first 
clearing decimals. 


(@) CLEARING FRACTIONS 


Find the least common multiple, or LCM, of two or more 
numbers. {3.1a| 


Find the LCM of each set of numbers. 
1. 6,9 My 3h, 4b 12 


MyLab Math 
VIDEO 


To clear fractions in an equation, we multiply on both sides of the equation 
by the least common multiple of all the denominators. 


Answers: 1.18 2.12 


EXAMPLE 1 Solve: 


4 
sxt+1=-x. 
3 

There is only one denominator, 3, in the equation, so we multiply on 


both sides of the equation by 3. 


4 
—<x+1= 
3° x 
4 boats : 
3 3 +1) = 3(x) Multiplying by 3 on both sides 
4 ; eee 

Je 3° + 3-1 = Bex Using the distributive law 

4x +3 = 3x Simplifying. Note that the fractions 


are cleared. 
4x +3 — 3x = 3x — 3x Subtracting 3x 


x+3=0 Collecting like terms 
KSSH 3 = 0S=3 Subtracting 3 
x= -3 
4 . 
Check: gece SE Caution! = 
Check the possible solution 
4 , a : 
~(-3) +1? -3 in the original equation rather 
3 than in the equation that has 
-4+1 been cleared of fractions. 
an ae aed terme eae a 


The solution is —3. 


1. Solve: 2x —7= = 


< Do Exercise 1. 


Answer 
i sess 
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The equation in Example 1 could have been solved as follows, without 
clearing fractions: 


4 
sxt+1=x 
3 
1 : , 
3° +1=0 Subtracting x on both sides 
1 ; : 
Fu =-1 Subtracting 1 on both sides 
x= —3. Multiplying by 3 on both sides 


It is your choice whether to clear fractions (or decimals), but doing so often 
eases computations. 


EXAMPLE 2 Solve: 


5 
6 


The denominators in the equation are 6 and 8. The least common mul- 
tiple of 6 and 8 is 24, so we multiply by 24 on both sides of the equation. 
5 7 


62 3 1 t ge 


24( 2a = 3} = 24( + ra) 
6 8 


5 7 
--—q — . = . + Comes 
24 62 24-3 = 24-1 + 24 3 


7 
a 3=1+ ga. 


Multiplying by 24 on both 
sides 

Using the distributive laws. 
Caution! Be sure to multiply 


every term by 24. 
20a — 72 = 24 + 21a Simplifying 
20a — 72 — 21a = 24 + 21a — 21a Subtracting 21a 
—a — 72 = 24 Simplifying 
—a—-— 72+ 72 = 24+ 72 Adding 72 
—a = 96 Simplifying 
—a 96 ses 
i) = | Dividing by —1 
a = —96 Simplifying: = = 4 =a 
5 7 
Check: Pe -3=1+ a 
5 } 7 
—(=86)'— 3.21 +— (86 
>(~96) = (-96) 
—80—3 | 1+ (-84) 
=83° |= 83 TRUE 2. Solve: 
The solution is —96. 2 1 
: 4—--a=-—a-3 
Do Exercise 2. > 9 6 
EXAMPLE 3 Solve: 
2. _1 ie Ld cee 
a 6° oS 6 Pa 
The denominators are 3, 6, and 2. The number 6 is the least common mul- 
tiple of all the denominators. We multiply by 6 on both sides of the equation. 
Answer 
2. 18 
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3. Solve: 2x ptgeagte 
Te mre) 
8 4 2 4 
gy +850 = it iE 
Xia + 4x = 6 + 8x 
= 2 =O ce he 
(Ube = 2 = bie = © ap bie = 
= = 
She = 2B se FP = 6 + 2 
3x = 
eS 
“ff 

8 
as 


4. Solve: 41.68 = 4.7 — 8.6y 


Answers 


8 43 
3. 3 4, “T0° or —4.3 
Guided Solution: 
3. 8,8, 8, 7, 2, 11, 8x, 6, 2, 8, 3 


o( Es : rn x) _ o(2 4 2x) Multiplying by 6 on 


3 both sides 
6-Sx 6-2 +6-5r= 6-2 5 oe alee 
4x —1+ 3x =7+ 12x Simplifying 
1x —1=7 + 12x Collecting like terms 
wa 1 = 2s] 7 + 12x x Subtracting 12x 
—S5x -1=7 Collecting like terms 
—5x-1+1=7+1 Adding 1 
—5x = 8 Collecting like terms 
el: = = Dividing by —5 
=5 =o 
_ 8 
ras 


The number — : checks. The solution is — = 


< Do Exercise 3. 


1B) CLEARING DECIMALS 


To clear decimals in an equation, we multiply on both sides of the equation 
by a power of 10: 10, 100, 1000, and so on. To determine which power of 10 
to use, we count the greatest number of decimal places in any one number, 
and we choose the power of 10 that contains that many zeros. For example, 


e If the greatest number of decimal places is one, we multiply by 10; 
e If the greatest number of decimal places is two, we multiply by 100; 


and so on. 


EXAMPLE 4 Solve: 16.3 — 7.2y = —8.18. 


16.3 = 7.2y = -—8.18 
T it I 

1 decimal 1 decimal 2 decimal 
place place places 


The greatest number of decimal places in any one number is two. 
Multiplying by 100, which has two zeros, will clear the decimals. 


100(16.3 — 7.2y) = 100(—8.18) Multiplying by 100 
on both sides 
100(16.3) — 100(7.2y) = 100(—8.18) Using the distributive law 
1630 — 720y = —818 Simplifying 
1630 — 720y — 1630 = —818 — 1630 Subtracting 1630 on 
both sides 
—720y = —2448 Collecting like terms 
—720y _ —2448 Dividing by —720 on 
272) =—730 both sides 
17 
y= 5° or 3.4 


The number = or 3.4, checks, so it is the solution. 


«@ Do Exercise 4. 
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v Check Your Understanding 


Reading Check Determine whether each statement is true or false. 


RCI. If an equation contains fractions, we must clear the fractions in order to solve the equation. 


RC2. To clear fractions in an equation, we multiply on both sides by the greatest common factor of all the 
denominators in the equation. 


RC3. Possible solutions should always be checked in the original equation. 


RC4. When determining what number to multiply by in order to clear decimals, we begin by counting the number 
of decimal places in each number in the equation. 


Concept Check Choose from the column on the right the operation that will clear each equation of fractions or 
decimals. 


a) Multiply by 1000 on both sides. 


CCl. Z ee 3 + x 


3) 2 10 b) Multiply by 35 on both sides. 
CC2. 0.003y — 0.1 = 0.03 + y c) Multiply by 12 on both sides. 
i A i d) Multiply by 10 on both sides. 
C3; 4 8t + a i D e) Multiply by 30 on both sides. 
1 i 2 
‘A Spt a SS 
SO es 


C05. 2-1 =i +4 


a Solve. Clear fractions first. 


1 
1 =xt+ =5 244+—x= 
a 3 a 1 
1 1 
3. — 9 = Ox 4 Ux — 3 = x 
5. x x= 1 6 or —*=3 
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11. 


13. 


15. 


17. 


19. 


21. 


23. 


,=4 
3 1 
ee ee 
* 4 1 
= 4+-t= = 
i 
5) .3 1 
12 3° C4 
t. ee 
os eiesceie Side 
22a dt 4 
*"S 4 2 
2 2 
* 2 Gy = Sy 
Ch ar One 
o.0.. Ss 3 
3°3° bp 4 
2 
xy —-—x = x%4+1 
: 
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— 
sok 
4s 3 
ii operSe 
ae e 
es ee 
oF 2 
i ee 
“qr 4a. 
7 1 5 
16. 7% a x= 
ine te 
ogee 3 
1 5 
2), 5 ee OE 
2 4 y 
22. -1 
3 15 5 
ee 
+ a ey ay 
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b Solve. Clear decimals first. 


25. 1.2x + 0.6 = 1.8 26. 2.4 — 0.4x = 0.2x 

27. 1.4 — 1.05x = 0.7x 28. 3.2x + 1.96 = 4.2 

29. 0.095 + 2.75y = 0.7 30. 6.7 + 0.001y = 9.82 

31. 2.1x + 45.2 = 3.2 — 84x 32. 0.96y — 0.79 = 0.21y + 0.46 
33. 1.03 — 0.62x = 0.71 — 0.22x 34. 1.7t — 1.62t = 0.4t — 0.32 
35. 10.5m + 6 = 3.75 — 2m 36. 4 — 5.3n = 2.7n + 12.04 


SKALL Maimtemamce icc ccecceccccccceceecescesevsevevesvssstveveevetvssavesvesvisavsevstvesvitevssvatvevtevtstseetees 


Solve. 

37. Ana earned $40,100 last year. This year she received 38. A sweater that originally cost $40.50 is on sale at 20% 
a 6% increase in salary. What is her new salary? off. What is the sale price? [6.6c] 
[6.5a] 

39. Everett made $30,226 in commissions this year. 40. A doctor saw 92 patients this week. This was a 15% 
This was a 15% decrease from last year. How increase from last week. How many patients did the 
much did Everett make in commissions last doctor see last week? [6.5a] 


ear? [6.5a 
y [6.5a] 


BS PVE eta scence evap appentsaanetin ic loveaasensestniviametp asi ete ren ed soncanctespe aia wiutatg dapeinta eee eademaea net aesah tio 
Solve. 
41. oa 42. 3x = 4x 

Sh 2 9 Sy+3 
43. 5 7 = 4 ~ 44, #8 0.05y — 1.82 = 0.708y — 0.504 

2 2(7 5 3 
45. 3 (2x —1)=10 46. (7 tx) a 8 
47. The perimeter of the figure shown is 15 cm. Solve for x. 

7om 
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11.6 


OBJECTIVES 


fa) Translate phrases to algebraic 
expressions. 


Db Solve applied problems by 
translating to equations. 


Se ecepexeman ee Caution! doeneseneaneaes 


Note that 7 — x is not a correct 
translation of the expression 

in Example 2. The expression 
7 — xis a translation of “seven 
minus some number.” 


Applications and Problem Solving 


a TRANSLATING TO ALGEBRAIC EXPRESSIONS 


In algebra, we translate problems to equations. The different parts of an 
equation are translations of word phrases to algebraic expressions. To trans- 
late, it helps to learn which words translate to certain operation symbols. 


Key Words, Phrases, and Concepts 


add subtract multiply divide 
added to subtracted from multiplied by divided by 
sum difference product quotient 
total minus times per 

plus less than of 

more than decreased by 

increased by take away 


EXAMPLE 1 Translate to an algebraic expression: 
Twice (or two times) some number. 


Think of some number—say, 8. We can write 2 times 8 as 2 X 8, or 2°8. 
We multiplied by 2. To translate to an algebraic expression, we do the same 
thing using a variable. We can use any variable we wish, such as x, y, m, or n. 
Let’s use y to stand for the number. If we multiply y by 2, we get 


2X y, 2°y, or 2y. 


In algebra, 2y is the expression used most often. @ 


EXAMPLE 2 Translate to an algebraic expression: 
Seven less than some number. 


We let x = the number. If the number were 10, then 7 less than 10 would 
be 10 — 7, or 3. If we knew the number to be 34, then 7 less than the number 
would be 34 — 7. Thus, if the number is x, then the translation is 


eS 7, B 


EXAMPLE 3 Translate to an algebraic expression: 
Eighteen more than a number. 


We let t = the number. Now if the number were 26, the translation 
would be 18 + 26, or 26 + 18. If we knew the number to be 174, then the 
translation would be 18 + 174, or 174 + 18. The translation we want is 


Eighteen more than a number 


18+ 4, or t+ 18. OQ 
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EXAMPLE 4 Translate to an algebraic expression: 
A number divided by 5. 


We let m = the number. If the number were 8, then the translation 
would be 8 = 5, or 8/5, or S If the number were 213, then the translation 
would be 213 + 5, or 213/5, or *4°. The translation is found as follows: 


Anumber divided by 5 
m 


=. i) 
m/5, or 5 


m+ 5, or 


EXAMPLE 5 Translate to an algebraic expression. 


russe ALGEBRAIC EXPRESSION 
Five more than some number n+5,or5+n 
Lot 
Half of a number ah . or ¢/2 
Five more than three times some number | 3p + 5, or5 + 3p 
The difference of two numbers x-y 
Six less than the product of two numbers mn — 6 
Seventy-six percent of some number 76% z, or 0.76Z 
Four less than twice some number 2x — 4 


Do Exercises 1-9. > 


Db FIVE STEPS FOR SOLVING PROBLEMS 


We have introduced many new equation-solving tools in this chapter. We 
now apply them to problem solving. We have purposely used the following 
strategy throughout this text in order to introduce you to algebra. 


FIVE STEPS FOR PROBLEM SOLVING IN ALGEBRA 


. Familiarize yourself with the problem situation. 


. Translate the problem to an equation. 


1 

2 

3. Solve the equation. 

4. Check your possible answer in the original problem. 
5 


. State the answer to the problem clearly. 


Of the five steps, the most important is probably the first one: becoming 
familiar with the problem situation. The following box lists some hints for 
familiarization. 


SECTION 11.6 


Translate each phrase to an 
algebraic expression. 


1. 


2. 


Twelve less than some number 


Twelve more than some 
number 


. Four less than some number 
. One-third of some number 


. Six more than eight times 


some number 


. The difference of two numbers 


. Fifty-nine percent of some 


number 


- Two hundred less than the 


product of two numbers 


. The sum of two numbers 


Answers 
1x-12 2 y+12,0r12+y 


1 
3.m—-—4 4 7p. ors 5. 6 + 8x, 


3 


or8x +6 6a-—b 7. 59%x, or 0.59x 
8. xy — 200 % pt+q 
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1720 km 


o Chi Minh City 


FAMILIARIZING YOURSELF WITH A PROBLEM 


e Ifa problem is given in words, read it carefully. Reread the 
problem, perhaps aloud. Try to verbalize the problem as though 
you were explaining it to someone else. 

¢ Choose a variable (or variables) to represent the unknown(s) and 
clearly state what the variable represents. Be descriptive! For 
example, let L = the length, d = the distance, in feet, and so on. 


e Make a drawing and label it with known information, using 
specific units if given. Also, indicate unknown information. 


Find further information. Look up formulas or definitions with 
which you are not familiar. (Geometric formulas appear on the 
inside back cover of this text.) Consult the Internet or a reference 
librarian. 


Create a table that lists all the information you have available. 
Look for patterns that may help in the translation to an equation. 


Think of a possible answer and check the guess. Note the manner 
in which the guess is checked. 


EXAMPLE 6 = Cycling in Vietnam. National Highway 1, which runs along 
the coast of Vietnam, is considered one of the top routes for avid bicyclists. 
While on sabbatical, a history professor spent six weeks biking 1720 km on 
National Highway 1 from Hanoi through Ha Tinh to Ho Chi Minh City. At 
Ha Tinh, he was four times as far from Ho Chi Minh City as he was from 
Hanoi. How far had he biked, and how far did he still need to bike in order 
to reach Ho Chi Minh City? 

Data: www.smh.com; Lonely Planet’s Best in 2010 


1. Familiarize. Let’s look at a map, shown at left. To become familiar 


with the problem, let’s guess a possible distance that the professor 
is from Hanoi—say, 400 km. Four times 400 km is 1600 km. Since 
400 km + 1600 km = 2000km and 2000 km is greater than 1720 km, 
we see that our guess is too large. Rather than guess again, let’s use the 
equation-solving tools that we learned in this chapter. We let 


d = the distance, in kilometers, from Ha Tinh to Hanoi and 
4d = the distance, in kilometers, from Ha Tinh to Ho Chi Minh City. 


(We also could let d = the distance from Ha Tinh to Ho Chi Minh City 
and }d = the distance from Ha Tinh to Hanoi.) 


. Translate. From the map, we see that the lengths of the two parts of 


the trip must add up to 1720 km. This leads to our translation. 


Distance to Distance to 
Hanoi plus Ho Chi Minh City is 1720 km. 


“Poy ES 


= 1720 


CHAPTER11 Algebra: Solving Equations and Problems 


3. Solve. We solve the equation: 10. Running. Yiannis Kouros of 
Australia holds the record for 


d + 4d = 1720 the greatest distance run in 
5d = 1720 Collecting like terms 24 hr; he ran 188 mi. After 8 hr, 
he was approximately twice as 
d__ 1720 PP y 
a = ae Dividing by 5 far from the finish line as he 
5 5 was from the start. How far had 
d = 344. he run? 
4, Check. As we expected, d is less than 400 km. If d = 344 km, then peed siggy Ultra Runners 
4d = 1376 km. Since 344km + 1376km = 1720 km, the answer 
checks. 


5. State. At Ha Tinh, the professor had biked 344 km from Hanoi and 
had 1376 km to go to reach Ho Chi Minh City. 


Do Exercise 10. > 


EXAMPLE 7 Knitted Scarf. Lily knitted a scarf with orange and red 
yarn, starting with an orange section, then a medium-red section, and finally 
a dark-red section. The medium-red section is one-half the length of the 
orange section. The dark-red section is one-fourth the length of the orange 
section. The scarf is 7 ft long. Find the length of each section of the scarf. 


1. Familiarize. Because the lengths of the medium-red section and the 
dark-red section are expressed in terms of the length of the orange 
section, we let 


x = the length of the orange section. 


1 

Then ae the length of the medium-red section, 
1 i 

and ae the length of the dark-red section. 


We make a drawing and label it. 


2. Translate. From the statement of the problem and the drawing, we 
know that the lengths add up to 7 ft. This gives us our translation: 


Length of Length of Length of 
orange medium-red dark-red Total 
section plus section plus section is length 
1 1 
x a =x + —Xx = 7. 
2 4 Answer 
Dia 
10. 625 mi 
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3. Solve. First we clear fractions and then we carry out the solution as 


follows: 
1 1 
hog pea The LCM of the 
2 4 denominators is 4. 
11. Gourmet Sandwiches. A 1 1 ee 
sandwich shop specializes in a(: + a + a ) = 47 Multiplying by the LCM, 4 
sandwiches prepared in buns 
of length 18 in. Suppose Jenn L 1 ; pega 
g - Supp ys 4-x+4--x+4+--x =4-7 Using the distributive law 
Emma, and Sarah buy one of 2 4 
these sandwiches and take it 4x + 2x +x = 28 Simplifying 
back to their apartment. Since a Bon 
they have different appetites, 7x = 28 Collecting like terms 
Jenny cuts the sandwich in such 7x 28 ee 
a way that Emma gets one-half ee 2 Dividing by 7 
of what Jenny gets and Sarah 4 
x =4. 


gets three-fourths of what 

Jenny gets. Find the length of 4. Check. Do we have an answer to the original problem? If the length of 

each person’s sandwich. the orange section is 4 ft, then the length of the medium-red section is 
5-4 ft, or 2 ft, and the length of the dark-red section ;-4 ft, or 1 ft. The 
sum of these lengths is 7 ft, so the answer checks. 

5. State. The length of the orange section is 4 ft, the length of the 
medium-red section is 2 ft, and the length of the dark-red section is 1 ft. 
(Note that we must include the unit, feet, in the answer.) 


«@ Do Exercise 11. 


18 in. ‘ 


EXAMPLE 8 _ Delivery Truck Rental. An appliance business needs to 
rent a delivery truck for 6 days while one of its trucks is being repaired. The 
cost of renting a 16-ft truck is $29.95 per day plus $0.29 per mile. If $550 is 
budgeted for the rental, how many miles can the truck be driven without 
exceeding the budget? 


1. Familiarize. Suppose the truck is driven 1100 mi. Then since the cost is 
given by the daily charge plus the mileage charge, we have 


Daily cost plus cost per mile times Number of miles 


v Y 


6($29.95) + $0.29 . 1100, 


which is $498.70. We see that the truck can be driven more than 1100 mi 
on the business’s budget of $550. This process of guessing familiarizes us 
with the way the calculation is done. 

We let m = the number of miles that can be driven on the budgeted 
amount of $550. 


Answer 
11. Jenny: 8 in.; Emma: 4 in; Sarah: 6 in. 
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2. Translate. We reword the problem and translate as follows: 


Cost per Number of Budgeted 
Daily cost plus mile times miles is amount 
6($29.95) = + $0.29 : m = $550. 
3. Solve. We solve the equation: 
6(29.95) + 0.29m = 550 
179.70 + 0.29m = 550 
0.29m = 370.30 Subtracting 179.70 
0.29m — 370.30 
——_ = ———_ Dividi 2 
0.29 0.29 ividing by 0.29 
m ~ 1277. Rounding to the nearest one 


4. Check. We check our answer in the original problem. The cost of driv- 
ing 1277 mi is 1277($0.29) = $370.33. The rental charge for 6 days is 


6($29.95) = $179.70. The total cost is then $370.33 + $179.70 ~ $550, 12. Delivery Truck Rental. Refer 
which is the budgeted amount. to Example 8. Suppose the 
5. State. The truck can be driven 1277 mi for the budgeted amount of business decides to increase its 
$550, 6-day rental budget to $625. 
How many miles can the truck 
Do Exercise 12. > be driven for $625? 


EXAMPLE 9 Perimeter of a Lacrosse Field. The perimeter of a lacrosse 
field is 340 yd. The length is 50 yd more than the width. Find the dimensions 
of the field. 

Data: sportsknowhow.com 


1. Familiarize. We first make a drawing. 


We let w = the width of the rectangle. Then w + 50 = the length. 
The perimeter P of a rectangle is the distance around the rectangle and is 
given by the formula 2/ + 2w = P, where 


{=the length and w = the width. 


2. Translate. To translate the problem, we substitute w + 50 for / and 


340 for P: 
Q+2w= PP oes Caution! ---- 
2(w + 50) + 2w = 340. __ Parentheses are 
‘i ‘i necessary here. 


Answer 
12. 1536 mi 
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13. Perimeter of a High School 
Basketball Court. The 
perimeter of a standard high 
school basketball court is 
268 ft. The length is 34 ft 
longer than the width. Find the 
dimensions of the court. 


Data: Indiana High School Athletic 
Association 


Bdequeieemasnes Caution! isaac ateageayar 


Always be sure to answer the 
original problem completely. 
For instance, in Example 9, we 
need to find two dimensions, 
not just the width. Similarly, in 
Example 10, we need to find 
the measures of all three angles 
of the triangle. 


Answer 
13. Length: 84 ft; width: 50 ft 


3. Solve. We solve the equation: 


2(w + 50) + 2w = 340 


2-w + 2+50 + 2w = 340 Using the distributive law 
4w + 100 = 340 Collecting like terms 
4w + 100 — 100 = 340 — 100 Subtracting 100 
4w = 240 
aw = — Dividing by 4 
= 4 
w = 60. 


Thus, possible dimensions are 
w= 60yd and /=w +50 = 60 + 50, or 110 yd. 


4. Check. Ifthe width is 60 yd and the length is 110 yd, then the perimeter 
is 2(60 yd) + 2(110 yd), or 340 yd. This checks. 


5. State. The width is 60 yd, and the length is 110 yd. 
< Do Exercise 13. 
EXAMPLE 10 Angles of a Triangle. The second angle of a triangle is 


twice as large as the first. The measure of the third angle is 20° greater than 
that of the first angle. How large are the angles? 


1. Familiarize. We first make a drawing. Since the second and third 
angles are described in terms of the first angle, we let 


the measure of the first angle = x. 
Then the measure of the second angle = 2x, 


and the measure of the third angle = x + 20. 


Second angle 


ae, 
Third / \ [| —~—_ First 


angle angle 


2. Translate. To translate, we recall from Section 9.5 that the sum of the 
measures of the angles of a triangle is 180°. 


Measure of Measure of Measure of 
first angle + secondangle + _ third angle 


a 


Il <— || 
<< 


(x + 20) 
3. Solve. We solve the equation: 


x + 2x + (x + 20) = 180 


4x + 20 = 180 
4x +20 — 20 = 180 — 20 
4x = 160 
4x 160 
4. 4 
= 40. 
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Possible measures for the angles are as follows: 
First angle: x = 40°; 
Second angle: 2x = 2(40) = 80°; 
Third angle: x + 20 = 40 + 20 = 60°. 


4. Check. Consider 40°, 80°, and 60°. The second is twice the first, and the 
third is 20° greater than the first. The sum is 180°. These numbers check. 


5. State. The measures of the angles are 40°, 80°, and 60°. 
Do Exercise 14. > 


EXAMPLE 11 Fastest Roller Coasters. The average top speed of the 
three fastest steel roller coasters in the United States is 116 mph. The third- 
fastest roller coaster, Superman: Escape from Krypton (located at Six Flags 
Magic Mountain, Valencia, California), reaches a top speed that is 28 mph 
less than that of the fastest roller coaster, Kingda Ka (located at Six Flags 
Great Adventure, Jackson, New Jersey). The second-fastest roller coaster, 
Top Thrill Dragster (located at Cedar Point, Sandusky, Ohio), has a top 
speed of 120 mph. What is the top speed of the fastest steel roller coaster? 
Data: Coaster Grotto 


1. Familiarize. The average of a set of numbers is the sum of the numbers 
divided by the number of addends. 
We are given that the second-fastest speed is 120 mph. Suppose the 
three top speeds are 131, 120, and 103. The average is then 


131 + 120+ 103 — 354 
3 3 


= 118, 


which is too high. Instead of continuing to guess, let’s use our equation- 
solving skills. We let x = the top speed of the fastest roller coaster. Then 
x — 28 = the top speed of the third-fastest roller coaster. 


2. Translate. We reword the problem and translate as follows: 


Speed of Speed of Speed of 
fastest + second- +  third-fastest 
Average speed 
coaster fastest coaster coaster 
of three fastest 
Number of roller coasters roller coasters 
x + 120 + (x — 28) 
= 116. 


3 
3. Solve. We solve as follows: 


x + 120 + (x — 28) 


3 = 116 
mg + 120 + (x — 28) = 3-116 Multiplying by 3 on both 
3 sides to clear the fraction 
x + 120 + (x — 28) = 348 
2x + 92 = 348 Collecting like terms 
2x = 256 Subtracting 92 
x = 128. Dividing by 2 


SECTION 11.6 


14. Angles of a Triangle. The 
second angle of a triangle is 
three times as large as the first. 
The third angle measures 30° 
more than the first angle. Find 
the measures of the angles. 


Fastest Roller Coasters 


Kingda Ka 


Top Thrill Dragster 

8 

. : 

~ Superman: . 
Escape from Krypton | 
ee ae) 
— 
120 
Top speed 


(in miles per hour) 


Answer 
14. 30°, 90°, 60° 
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15. Average Test Score. Sam’s 
average score on his first three 
math tests is 77. He scored 62 
on the first test. On the third 
test, he scored 9 points more 
than he scored on his second 
test. What did he score on the 
second and third tests? 


16. Simple Interest. An 
investment is made at 5% 
simple interest for 1 year. It 
grows to $2520. How much 
was originally invested (the 
principal)? Let x = the 
principal. Then the interest 
earned is 5%x. 


Translate and Solve: 


Principal + Interest = Amount 
MG ae = 2520 
x + 0.05x = 2520 
(i sp )x = 2520 
x = 2520 
MOS 252.0) 
1.05 
x = 2400. 
The principal is $ 
Answers 
15. Second: 80; third: 89 16. $2400 
Guided Solution: 


16. 5%x, 0.05, 1.05, 1.05; 2400 


cs 


4. Check. Ifthe top speed of the fastest roller coaster is 128 mph, then the 


top speed of the third-fastest is 128 — 28, or 100 mph. The average of the 
top speeds of the three fastest is 
128 + 120+ 100 348 
3 3 
The answer checks. 


= 116 mph. 


. State. The top speed of the fastest steel roller coaster in the United 


States is 128 mph. 


«@ Do Exercise 15. 


EXAMPLE 12 Simple Interest. An investment is made at 3% simple 
interest for 1 year. It grows to $746.75. How much was originally invested 
(the principal)? 


1. Familiarize. Suppose that $100 was invested. Recalling the formula for 


simple interest, J = Prt, we know that the interest for 1 year on $100 at 
3% simple interest is given by J = $100-0.03-1 = $3. Then, at the end 
of the year, the amount in the account is found by adding the principal 


and the interest: 


Principal + Interest = Amount 


$100 + $3 = $103. 


In this problem, we are working backward. We are trying to find the prin- 
cipal, which is the original investment. We let x = the principal. Then the 


interest earned is 3 %x. 
2. Translate. We reword the problem and then translate: 


Principal + Interest = Amount 
x + 3%x = 746.75. Interest is 3% of the 


principal. 
3. Solve. We solve the equation: 
x + 3%x = 746.75 
x + 0.03x = 746.75 
1x + 0.03x = 746.75 Converting to decimal notation 
(1 + 0.03)x = 746.75 Identity property of 1 
1.03x = 746.75 Collecting like terms 


1.03x 746.75 ee 
= Dividing by 1.03 
1.03 108 
x = 725. 


4. Check. We check by taking 3% of $725 and then adding it to $725: 
3% X $725 = 0.03 X 725 = $21.75. 


Then $725 + $21.75 = $746.75, so $725 checks. 
5. State. The original investment was $725. 


«@ Do Exercise 16. 
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1. Angle Measures. 


. Perimeter. 


The mea- 
sure of the second angle of a 
triangle is 51° more than that 
of the first angle. The mea- 
sure of the third angle is 3° 
less than twice that of the first 
angle. Find the measures of 
the angles. 


. Sales Tax. Tina paid $3976 
for a used car. This amount 
included 5% for sales tax. 
How much did the car cost 
before tax? 


The perimeter 

of a rectangle is 2347 ft. The 
length is 28 ft greater than the 
width. Find the length and the 
width. 


4. Fraternity or Sorority 


Membership. At Arches 
Tech University, 3976 stu- 
dents belong to a fraternity or 
a sorority. This is 35% of the 
total enrollment. What is the 
total enrollment at Arches 
Tech? 


5. Fraternity or Sorority 


Membership. At Moab 
Tech University, 35% of the 
students belong to a frater- 
nity or a sorority. The total 
enrollment of the university 
is 11,360 students. How many 
students belong to either a 
fraternity or a sorority? 


Translating 
for Success 


The goal of these matching questions 

is to practice step (2), Translate, of 

the five-step problem-solving process. 
Translate each word problem to an equa- 
tion and select a correct translation from 
equations A-0. 


A. x + (x—3) + Sr = 384 

. x + (x +51) + (2x —3) = 180 
. x + (x + 96,000) = 180,000 

. 2°96 + 2x = 3976 

o af ar (Gear Il) sp (Ge ap D) = see 
. 3976 = x- 11,360 

. 2x + 2(x + 28) = 2347 

. 3976 = x + S%x 

x + (x + 28) = 2347 
- x = 35% - 11,360 


. x + 96 = 3976 

¢ xt (x +3) + Sx = 384 

5 ae ae (ge se 2) ae (ae ce 4b) = Shey! 
= 3570°x = 3976 

0 Die se (6 ar 23) = avy 


Answers on page A-21 


6. Island Population. 


8. Locker Numbers. 


. Width of a Rectangle. 


There 
are 180,000 people living on a 
small Caribbean island. The 
women outnumber the men 
by 96,000. How many men 
live on the island? 


. Wire Cutting. A 384-m wire 


is cut into three pieces. The 
second piece is 3 m longer 
than the first. The third is 
four-fifths as long as the first. 
How long is each piece? 


The num- 
bers on three adjoining lock- 
ers are consecutive integers 
whose sum is 384. Find the 
integers. 


. Fraternity or Sorority 


Membership. The total 
enrollment at Canyonlands 
Tech University is 11,360 stu- 
dents. Of these, 3976 students 
belong to a fraternity or a 
sorority. What percent of the 
students belong to a fraternity 
or a sorority? 


The 
length of a rectangle is 96 ft. 
The perimeter of the rect- 
angle is 3976 ft. Find the 
width. 


FOR 
11.6 era QD) Mytab math 


v Check Your Understanding 


Reading Check Choose from the list on the right the word that completes each step in the five steps for 
problem solving. 


RC1. yourself with the problem situation. Solve 

RC2. the problem to an equation. [Scueeul anne 
; State 

RC3. the equation. Translate 

RC4. the answer in the original problem. Check 

RCS. the answer to the problem clearly. 


Concept Check Complete the translation of each statement. 


CC1. The second angle of a triangle is half as large as the first, and the measure of the third angle is 10° less than the 
measure of the first. 


If x = the measure of the first angle, then = the measure of the second angle and 
= the measure of the third angle. 


1 
The translation is x + Fi ap = 


CC2. Including a 6% sales tax, Jaykob paid $36.57 for a sweatshirt. 


If x = the marked price, then = the sales tax. 


The translation is x + = 


a Translate to an algebraic expression. 


1. 


3. 


5. 


Three less than twice a number 2. Three times a number divided by a 
The product of 97% and some number 4. 43% of some number 
Four more than five times some number 6. Seventy-five less than eight times a number 


b Solve. 


7. What number added to 85 is 117? 8. Eight times what number is 2552? 
9. When 17 is subtracted from 4 times a certain number, 10. When 36 is subtracted from 5 times a certain number, 
the result is 211. What is the number? the result is 374. What is the number? 
11. If you double a number and then add 16, you get 5 of 12. If you double a number and then add 85, you get ; of 
the original number. What is the original number? the original number. What is the original number? 
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13. 


15. 


17. 


College Enrollment. In 2014, the U.S. college with 
the highest enrollment was the University of Phoenix 
with 195,059 students. This was 103,880 more students 
than the number enrolled in the college with the 
second highest enrollment, Ivy Tech Community 
College of Indiana. How many students were enrolled 
in Ivy Tech? 


Data: National Center for Education Statistics 


Medals of Honor. In 1863, the U.S. Secretary of 
War presented the first Medals of Honor. The two 
wars with the most Medals of Honor awarded are the 
Civil War and World War II. There were 464 recipi- 
ents of this medal for World War II. This number is 
1058 fewer than the number of recipients for the Civil 
War. How many Medals of Honor were awarded for 
valor in the Civil War? 


Data: U.S. Army Center of Military History; U.S. Department of Defense 


AUIDIE | 
MURPHY 
thee 


500 Festival Mini-Marathon. On May 6, 2017, 
22,752 runners finished in the 13.1-mi One America 
500 Festival Mini-Marathon. If a runner stops at a 
water station that is twice as far from the start as 
from the finish, how far is the runner from the finish? 
Round the answer to the nearest hundredth of a 
mile. 


Data: results.xacte.com 


14. 


18. 


. Milk Alternatives. 


Home Listing Price. Jn 2017, the median value of a 
home in California was $102,100 more than three times 
the median value of a home in Ohio. The median value 
of a home in California was $469,300. What was the 
median value of a home in Ohio? 


Data: Zillow 


Milk alternatives, such as oat, soy, 
almond, and coconut milk are becoming more avail- 
able and increasingly popular. A cup of almond milk 
contains only 60 calories. This number is 89 calories less 
than the number of calories in a cup of whole milk. How 
many calories are in a cup of whole milk? 


Data: Janet Kinosian,”Nutrition Under Chaos”, AARP Magazine, 
August/September, 2012 


NON-DAIRY IViIL 
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Airport Control Tower. Ata height of 385 ft, the 
FAA airport traffic control tower in Atlanta is the 
tallest traffic control tower in the United States. Its 
height is 59 ft greater than the height of the tower at 
the Memphis airport. How tall is the traffic control 
tower at the Memphis airport? 


Data: Federal Aviation Administration 
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19. 


21. 


23. 


25. 


27. 
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Car Rental. Value Rent-A-Car rents a family-sized 
car at a daily rate of $69.95 plus 40¢ per mile. Rick is 

allotted a daily budget of $200. How many miles can 

he drive per day and stay within his budget? 


Average Test Score. Mariana averaged 84 on her first 
three history exams. The first score was 67. The second 
score was 7 less than the third score. What did she 
score on the second and third exams? 


Photo Size. A hotel purchases a large photo for its 
newly renovated lobby. The perimeter of the photo 
is 292 in. The width is 2 in. more than three times the 
height. Find the dimensions of the photo. 


3h +2 >| 


20. Van Rental. Value Rent-A-Car rents a van at a daily 


rate of $84.95 plus 60¢ per mile. Molly rents a van to 
deliver electrical parts to her customers. She is allotted 
a daily budget of $250. How many miles can she drive 
per day and stay within her budget? 


22. Average Price. David paid an average of $34 per 


shirt for a recent purchase of three shirts. The price of 
one shirt was twice as much as that of another, and the 
remaining shirt cost $27. What were the prices of the 
other two shirts? 


. Two-by-Four. The perimeter of a cross section of a 


“two-by-four” piece of lumber is 10 in. The length is 
2 in. more than the width. Find the actual dimensions 
of the cross section of a two-by-four. 


Statue of Liberty. The height of the Eiffel Tower 
is 974 ft, which is about 669 ft higher than the 
Statue of Liberty. What is the height of the Statue 
of Liberty? 


Pipe Cutting. A 240-in. pipe is cut into two pieces. 
One piece is three times as long as the other. Find the 
lengths of the pieces. 


26. Area of Lake Ontario. The area of Lake Superior 


is about four times the area of Lake Ontario. The area 
of Lake Superior is 30,172 mi’. What is the area of 
Lake Ontario? 


28. Board Cutting. A 72-in. board is cut into two pieces. 


One piece is 2 in. longer than the other. Find the 
lengths of the pieces. 
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29. 


31. 


33. 


35. 


37. 


Angles of a Triangle. The second angle of a 
triangular field is three times as large as the first. The 
third angle is 40° greater than the first. How large are 
the angles? 


ax 


Taxi Fares. In New Orleans, Louisiana, taxis charge 
an initial fee of $3.50 plus $2.00 per mile. How far can 
a passenger travel for $39.50? 


Data: taxifarefinders.com 


Stock Prices. Diego’s investment in a technology 
stock grew 28% to $448. How much did he 
invest? 


Credit Cards. The balance in Will’s Mastercard® 
account grew 2%, to $870, in one month. What was his 
balance at the beginning of the month? 


Price of a Security Wallet. Carla paid $26.70, includ- 
ing a 7% sales tax, for a security wallet. How much did 
the wallet itself cost? 


30. 


32. 


34. 


36. 


38. 


Angles of a Triangle. The second angle of a trian- 
gular parking lot is four times as large as the first. The 
third angle is 45° less than the sum of the other two 
angles. How large are the angles? 


Taxi Fares. In Baltimore, Maryland, taxis charge an 
initial fee of $1.80 plus $2.20 per mile. How far can a 
passenger travel for $26? 


Data: taxifarefinders.com 


Savings Interest. Ella invested money in a savings 
account at a rate of 6% simple interest. After 1 year, 
she has $6996 in the account. How much did Ella 
originally invest? 


Loan Interest. Alvin borrowed money from a cousin 
at a rate of 10% simple interest. After 1 year, $7194 
paid off the loan. How much did Alvin borrow? 


Price of a Car Battery. Tyler paid $117.15, including 
a 6.5% sales tax, for a car battery. How much did the 
battery itself cost? 
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39. 


41. 


Tipping. Leon left a 15% tip for a meal. The total cost 
of the meal, including the tip, was $41.40. What was the 
cost of the meal before the tip was added? 


Hancock Building Dimensions. The ground floor of 
the John Hancock Building in Chicago is a rectangle 
whose length is 100 ft more than the width. The 
perimeter is 860 ft. Find the length, the width, and the 
area of the ground floor. 


40. 


42. 


Tipping. Selena left an 18% tip for a meal. The 
total cost of the meal, including the tip, was $40.71. 
What was the cost of the meal before the tip was 
added? 


Hancock Building Dimensions. The top floor of 


the John Hancock Building in Chicago is a rectangle 
whose length is 60 ft more than the width. The perim- 
eter is 520 ft. Find the length, the width, and the area 
of the top floor. 


w + 100 

Skill Maintenance 

Calculate. 

4 3 4 3 
ead . -st+s [10 
43 5 (2) [10.3a] 44 5° 8 [10.2a] 
47. —25.6 + (—16) 48. —25.6(—16) 
[10.5c] [10.4a] 
Synthesis 
51. The width of a rectangle is ; of the length. The perim- 


53. 
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eter of the rectangle becomes 50 cm when the length 
and the width are each increased by 2 cm. Find the 
original length and the original width. 


Susanne went to the bank to get $20 in quarters, 
dimes, and nickels to use to make change at her yard 
sale. She got twice as many quarters as dimes and 10 
more nickels than dimes. How many of each type of 
coin did she get? 


Algebra: Solving Equations and Problems 


45. 


49. 


4 3 4 3 
—25.6 — (—16) 50. —25.6 + (—16) 
[10.3a] [10.2a] 
. Cookies are set out on a tray for six people to take 


home. One-third, one-fourth, one-eighth, and one-fifth 
are given to four people, respectively. The fifth person 
is given ten cookies, leaving one cookie remaining for 
the sixth person. Find the original number of cookies 
on the tray. 


. A student has an average score of 82 on three tests. 


His average score on the first two tests is 85. What was 
the score on the third test? 
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CHAPTER 


Vocabulary Reinforcement 


Complete each statement with the appropriate word or phrase from the list on the right. 
Some of the choices may not be used. 


1. When we replace a variable with a number, we say that we are addition principle 
for the variable. [11.1a] multiplication principle 
2. A letter that stands for just one number is called identity property of 1 
: ea distributive law of 
3. The states that for any real number multiplication over 
a,a‘l=1-a=a. [11.1b] subtraction 


distributive law of 


4. The for solving equations states that for any ltiplicati 
real numbers a, b, and c, where c 4 0, a = b is equivalent to oad eee eee 
avc=b-c. [113al aoa 
equivalent 
5. The states that for any numbers a, b, and c, cae 
a(b — c) = ab —ac. [11.1b] substituting 
variable 
6. The for solving equations states that for any 
real numbers a, b, and c,a = b is equivalent toa +c =b+c. [11.2a] constant 


7. Equations with the same solutions are called 
equations. [11.2a] 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. The expression x — 7 is not equivalent to the expression 7 — x. [11.6a] 


2. 3y and 3y’ are like terms. [11.1d] 


3. The equations x + 5 = 2 and x = 3 are equivalent. [11.2a] 


4. We can use the multiplication principle to divide on both sides of an equation by the 
same nonzero number. [11.3a| 


Study Guide 


Objective 11.1a Evaluate an algebraic expression by substitution. 


—b Practice E i 
Example Evaluate a when a = 21 and b = —15. ei ran 


ab — 2 
1. Evaluate ———,, when a = —5 and b = 8. 
a=  21= (=) _ 36 7 


6 6 6 


=6 


Objective 11.1b Use the distributive laws to multiply expressions like 8 and x — y. 


Example Multiply: 3(5x — 2y + 4). Practice Exercise 


3(5x — 2y + 4) = 3+5x —3-2y + 3-4 2. Multiply: 4(x + 5y — 7). 
= 15x — 6y + 12 : 


Summary and Review: Chapter11 - 695 


Objective 11.1c Use the distributive laws to factor expressions like 4x — 12 + 24y. 


Example Factor: 12x — 6y + 9. Practice Exercise 
12x — 6y + 9 = 3+4x — 3+2y + 353 : 3, Factor: 24a — 8b + 16. 
= 3(4x — 2y + 3) ; 


Objective 11.1d Collect like terms. 


Example Collect like terms: 4a — 2b — 2a + b. Practice Exercise 
4a — 2b — 2a+ b = 4a — 2a—- 2b+ 5b 4. Collect like terms: 7x + 3y — x — 6y. 
= 4a —2a-2b+1+b : 
= (4—-2)a+(-2+4+1)b 
=2a—b 


Objective 11.2a Solve equations using the addition principle. 


Example Solve: x + 6 = 8. Practice Exercise 


x+6=8 5. Solve: y — 4 = -2. 
x+6-6=8-6 : 
x+0=2 
x=2 


The solution is 2. 


Objective 11.3a Solve equations using the multiplication principle. 


Example Solve: 45 = —Sy. : Practice Exercise 


45 = —Sy > 6. Solve: 9x = —72. 
45 — —Sy : 

5 SS 

—9=1+y 

-9=y 


The solution is —9. 


Objective 11.4a Solve equations using both the addition principle and the multiplication principle. 


Example Solve: 3x — 2 = 7. Practice Exercise 


3x -2=7 : 7, Solve: Sy + 1 = 6. 
3x -2+2=7+2 : 
3x = 9 
3x 9 
303 
x=3 


The solution is 3. 
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Objective 11.4b Solve equations in which like terms may need to be collected. 


Example Solve: 2y = —3y — 8 + 3. Practice Exercise 
2y = -3y —8 +3 : 8. Solve: 6x — 4 — x = 2x — 10. 
2y = -—3y —5 ; 
2y + 3y = -3y — 5 + 3y 
Sy = —-5 
Sy —-5 
4 = 
y=-l 


The solution is —1. 


Objective 11.4c Solve equations by first removing parentheses and collecting like terms. 


Example Solve: 8b — 2(3b + 1) = 10. Practice Exercise 
8b — 2(3b + 1) = 10 : 9, Solve: 2(y — 1) = 5(y — 4). 
8b — 6b — 2 = 10 : 
2b — 2 = 10 
2b-2+2=10+2 
oh S12 
2b 12 
a Ss 
b=6 


The solution is 6. 


Objective 11.5a Solve equations by first clearing fractions. 


1 "Practice Exerci 
Example Solve: 3% -3S= ae ; ia — 3 ‘ 
2 1 : 10. Solve: x + 3 4" 
3% 5 ==x : 


2 1 Multiplying on both 
Ol 3% — 5] = 6 5% sides by the LCM 


of the denominators 


4x — 30 = 3x 
4x = 3x + 30 
x = 30 


The solution is 30. 


Objective 11.6a Translate phrases to algebraic expressions. 


Example Translate to an algebraic expression: Three : Practice Exercise 


less than some number. 11. Translate to an algebraic expression: Five more 


We let n = the number. Now if the number were : than some number. 
5, then the translation would be 5 — 3. Thus, if the 
number were n, the translation would be n — 3. 


Summary and Review: Chapter11 : 697 


Review Exercises 


sy 


1. Evaluate when x = 17andy = 5. [ll1.1a] 


Multiply. [11.1b] 
2. 5(3x — 7) 3. —2(4x — 5) 


4. 10(0.4x + 1.5) 5. —8(3 — 6x + 2y) 


Factor. [11.1c] 
6. 2x — 14 7. 6x — 6 


8. 5x + 10 9. 12 — 3x + 6z 


Collect like terms. [11.1d] 
10. 1la + 2b — 4a — 5b 


11. 7x — 3y — 9x + By 


12. 6x + 3y — x — 4y 


13. —3a + 9b + 2a —b 


Solve. [11.2a], [11.3a] 


14.x+5=-17 15. —8x = —56 
& 

16. —7 = 48 ont SG 

18. 15x = -35 19.x-11=14 

Yee ees ji se 

a ‘3’ 16 

22. y — 0.9 = 9.09 3. 5-2= 13 


Solve. [11.4a, b, c], [11.5a, b] 
24. 5t+9=3t-1 25. 7x — 6 = 25x 


26.7% = 38 27. 14y = 23y — 17 — 10 
28. 0.22y — 0.6 = 0.12y + 3 — 0.8y 


29. —x x=3 x 


30. 4(x + 3) = 36 

31. 3(5x — 7) = -66 

32. 8(x — 2) — 5(x +4) = 20x +x 
33. —5x + 3(x + 8) = 16 


34. Translate to an algebraic expression: [11.6a] 


Nineteen percent of some number. 


Solve. [11.6b] 


35. Dimensions of Wyoming. The state of Wyoming is 
roughly in the shape of a rectangle whose perimeter 
is 1280 mi. The length is 90 mi more than the width. 
Find the dimensions. 


36. A 21-ft carpet runner is cut into two pieces. One 
piece is 5 ft longer than the other. Find the lengths 
of the pieces. 


37. The Johnsons bought a lawnmower for $2449 in 
June. They paid $332 more than they would have 
if they had purchased the mower in February. Find 
what it would have cost in February. 


38. Ty is paid a commission of $8 for each small 
appliance he sells. One week, he received $216 
in commissions. How many appliances did he 
sell? 


698 — cHAPTER11 Algebra: Solving Equations and Problems 


Copyright © 2019 Pearson Education, Inc. 


39. The measure of the second angle of a triangle is 50° 
more than that of the first angle. The measure of 
the third angle is 10° less than twice that of the first 
angle. Find the measures of the angles. 


40. After a 30% reduction, a bread maker is on sale for 
$154. What was the marked price (the price before 
the reduction)? 


41. A tax-exempt organization received a bill of 
$145.90 for office supplies. The bill incorrectly 
included sales tax of 5%. How much does the 
organization actually owe? 


42. Sam’s salary as an executive chef is $71,400, 
which represents a 5% increase over his previous 
year’s salary. What was his previous year’s 
salary? 


43. HDTV Price. An HDTV television sold for $829 
in May. This was $38 less than the cost in January. 
What was the cost in January? 


44. Writing Pad. The perimeter of a rectangular 
writing pad is 56 cm. The width is 6 cm less than 
the length. Find the width and the length. 


45. Nile and Amazon Rivers. The total length of 
the Nile and Amazon Rivers is 13,108 km. If the 
Amazon were 234 km longer, it would be as long 
as the Nile. Find the length of each river. 


Data: The Handy Geography Answer Book 


“. ~SOUTH 
AMERICA 


AFRICA 


46. Factor: 6a — 30b + 3. [11.1c] 
A. 6(a — 5b) B. 3(2a — 10b) 
C. 3(2a — 10b + 1) D. 3(2a — b + 1) 


47. Collect like terms: 3x — 2y + x — 5y. [11.1d] 


A. 4x — Ty B. x — 4y 
C. 4x + 3y D. 4x + Ty 
SYMthesis oes eeesee 


Solve. [10.1e], [11.4a] 
48. 2|n| + 4 = 50 
49. |3n| = 60 


Understanding Through Discussion and Writing 


1. Explain at least three uses of the distributive laws 
considered in this chapter. [11.1b, c, d] 


2. Explain the role of the opposite of a number when 
using the addition principle. [11.2a] 


3. Explain the role of the reciprocal of a number when 
using the multiplication principle. [11.3a] 


4. Describe a procedure that a classmate could use to 
solve the equation ax + b = cforx. [11.4a] 


Summary and Review: Chapter11 - 699 


CHAPTER 


3 
1. Evaluate 3 when x = 10 and y = 5. 


Multiply. 

7x, MO = 52) 
Factor. 

fA, 12 = Dare 


Collect like terms. 
( She = 2p = 1lébe ae jy 


Solve. 
8 x+7=15 


14. 8-—y=16 


ees (Cte) eT, 


19. Translate to an algebraic expression: 


Nine less than some number. 


700 CHAPTER 11 


For 
Extra 
Help 


sh = Sy = I) 


5. 7x + 21 + 14y 


Th SOs OD ar Sea = ib 


For step-by-step test solutions, access the Chapter Test Prep Videos 
in MyLab Math. 


f= 9S 7 10. 3x = —18 
1 Smee) 
.3t+7=2t- 13. -x -L == 
1, Sap 7 = De = 5 3 oe eG 
2 3 
Mh eS 16. 0.4p + 0.2 = 4.2p — 7.8 — 0.6p 
18. —3x — 6(x — 4) =9 
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Solve. 


20. 


22. 


24. 


26. 


Synthesis 
27. 


Perimeter of a Photograph. The perimeter of a 
rectangular photograph is 36 cm. The length is 4 cm 
greater than the width. Find the width and the 
length. 


Board Cutting. An 8-m board is cut into two pieces. 


One piece is 2 m longer than the other. How long are 
the pieces? 


If you triple a number and then subtract 14, you 
get 5 of the original number. What is the original 
number? 


S10) Ai{SH Oy tel I) ee 
A. —4 
Cx D. 4 


Solve: 3|w| — 8 = 37. 


21. Amount Spent on Food. The Ragers spent $7840 on 


23. 


food in a recent year. This was approximately 17% of 
their yearly income. What was the Ragers’ income that 
year? Round to the nearest ten dollars. 


Rent. When Hassan moved from Los Angeles to 
New York City, he found that the average monthly 
rent for a one-bedroom apartment in New York 

City was $3680, which was an 81% increase over the 
average monthly rent for a one-bedroom apartment in 
Los Angeles. What was the average monthly rent for a 
one-bedroom apartment in Los Angeles? Round to the 
nearest dollar. 


Data: rentcafe.com 


25. The second angle of a triangle is three times as large 


as the first. The third angle is 25° less than the sum 
of the other two angles. Find the measure of the first 
angle. 


28. A movie theater had a certain number of tickets to 


give away. Five people got the tickets. The first person 
got 3 of the tickets, the second got } of the tickets, 

and the third got 4 of the tickets. The fourth person 
got 8 tickets, and there were 5 tickets left for the 

fifth person. Find the total number of tickets given 
away. 


Test: Chapter 11 701 


CHAPTERS 


Cumulative Review 


This cumulative review also serves as a review for a final examination covering the entire book. A question that may occur at 
this point is what notation to use for a particular problem or exercise. Although there is no particular rule, especially as you 
use mathematics outside the classroom, here is the guideline that we follow: Use the notation given in the problem. That is, 
if the problem is given using mixed numerals, give the answer in mixed numerals. If the problem is given in decimal notation, 
give the answer in decimal notation. 


1. In 47201, what digit tells the number of : Subtract and simplify, if possible. 
UL SEN / 10. 674 1. 9465 
= 9 22 = $791 


2. Write expanded notation for 7405. 


72 1 
Py a 13. 4 
8S 3 3 
ae 
3. Write a word name for 7463. 
: 2 0.0 
Add and simplify, if appropriate. 14, 0.0027 15. 40.03 — 5.789 
4. 741 5. 491013 ; 
$2 7 il S27 S 
OSV il 
dele eure 
nee Simplify. 
21 2S) 
Ij, = yh 
: 30 5 
2 il 4 
S 13-26 g 
Beast Multiply and simplify, if possible. 
27 349 
18. 19. 
: x 16 ‘ MS 1 OS 
8. 2.048 
il 14 
Cee aa Ap ieee ri eee 
+428.009 ae 71S 
5 3.4.09 
9, 34.56 + 2.783 + 0.433 + 765.1 ce 2G By ae 
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37. Use = or # for to write a true sentence: 


il 
24. Convert to a mixed numeral: = 


4 3 
q a x 
Divide and simplify. State the answer using a whole-number_ F 
quotient and a remainder. » 38. Use < or > for L_] to write a true sentence: 
25.6)3438 26.34)1914 oe 
7 5 
27. Write a mixed numeral for the quotient in Exercise 26. 39. Which number is greater, 1.001 or 0.9976? 


40. Pears. Find the unit price of each brand of canned 
Divide and caoliiy, evessible pears listed in the table below. Then determine which 
age ae : brand has the lowest unit price. 


4 il 
yy = Ayes 29. 2 


Sooper 


31. Round 68,489 to the nearest thousand. 


: 41. Pluto. The dwarf planet Pluto has a diameter of 
32. Round 0.4275 to the nearest thousandth. 1400 mi. Use 7 for a. 
: a) Find the circumference of Pluto. 
b) Find the volume of Pluto. 


33. Round 21.83 to the nearest hundredth. 

: Kitchen Remodeling. The Reisters spent $26,888 to 

> remodel their kitchen. Complete the table below, which 
relates percents and costs. 


34. Determine whether 1368 is divisible by 6. : Percent 
of Cost Cost 
42. 


f 
Cabinets 40% 
38. Find all the factors of 15. ee A) cece: ea 
44 Appliances 13% 
45. Fixtures $8066.40 
er nen oa e a heswhedddasaines : 7 ty cil aanel i Manetea teen tasaatine 
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47. Use < or > for to write a true sentence: - Simplify. 


48. What part is shaded? - 66. Approximate to three decimal places: V 20. 


| 


67. Late to Work. The table below shows the results of a 
survey of 7780 workers who were asked “How often are 
you late to work?” 

Convert to decimal notation. 


pee es | | _RESPONSE | PERCENT | 
1009 2) Never 61% 
Once a year 12 
Once a month 1 
At least once a week 16 
Sil, = 52. 7% 
DATA: CareerBuilder 
Make a vertical bar graph of the data, showing the 
percent who gave each response. 
Convert to fraction notation. : Frequency of Lateness to Work 
1 A 
53. 4.63 54. 7— 
4 
55. 40% 


Convert to percent notation. 
17 


ali == Semmes) 
20 
68. Find the missing angle measure. 

a . 

Solve. ay 40° 
x 
58. 234 + y = 789 59. 3.9 X y = 249.6 
ae 
60 ae = 61 wee 
8 6 PES 
B 

Evaluate. ‘ . : : : 

: 69. Classify the triangle in Exercise 68 as right, obtuse, 
62. 18? 63. TE : or acute. 
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Solve. 


70. 


71. 


72. 


73. 


74. 


75. 


76. 


Donations. Lorenzo made donations of $627 and $48 
to a charity. What was the total donation? 


Candy Bars. A machine wraps 134 candy bars per 
minute. How long does it take this machine to wrap 8710 
bars? 


Stock Prices. A share of stock bought for $29.63 
dropped $3.88 before it was resold. What was the price 
when it was resold? 


Length of Trip. At the start of a trip, a car’s odometer 
read 27428.6 mi, and at the end of the trip, the reading 
was 27,914.5 mi. How long was the trip? 


Taxes. From an income of $12,000, amounts of 
$2300 and $1600 are paid for federal and state taxes. 
How much remains after these taxes have been 
paid? 


Teacher Salary. A substitute teacher was paid 
$87 per day for 9 days. How much was she paid 
altogether? 


Walking Distance. Celeste walks ? km per hour. At 
this rate, how far would she walk in 5 hr? 


Wik 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


Sweater Costs. Eight identical sweaters cost a total of 
$679.68. What is the cost of each sweater? 


Paint Needs. Eight gallons of exterior paint covers 
400 ft”. How much paint is needed to cover 650 ft”? 


Simple Interest. What is the simple interest on $4000 
principal at 5% for 3 years? 


Commission Rate. A real estate agent received $5880 
commission on the sale of an $84,000 home. What was 
the rate of commission? 


Population Growth. The population of Waterville is 
29,000 this year and is increasing at 4% per year. What 
will the population be next year? 


Savings Investment. Money is invested in a savings 
account at 4% simple interest. After 1 year, there 

is $2288 in the account. How much was originally 
invested? 


Wire Cutting. A 143-m wire is cut into three pieces. 
The second piece is 3 m longer than the first. The 
third is four-fifths as long as the first. How long is each 
piece? 


Student Ages. The ages of students in a math class at a 
community college are as follows: 


Ths}, Zl, Woy, Sill, SA, Ute, SO): 


Find the mean, the median, and the mode of their 
ages. 
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Complete. 


il 
85. 304 = in. 


86. 4280 mm = cm 


87. 3 days = hr 


88. 20,000 g 


kg 


89. S5lb = OZ 


90. 0.008 cg = mg 


91. 8190 mL = L 


92. 20 qt = gal 


93. Find the length of the third side of this right triangle. 
Give an exact answer and an approximation to three 
decimal places. 


S 5 ft 


5 ft 


94. Find the diameter, the circumference, and the area of 
this circle. Use 3.14 for 7. 


95. Find the perimeter and the area. 
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Find the area. 
96. 


15.4 cm 


10 in. 


98. 


20.2 yd 


99. Find the volume. 


Find the volume. Use 3.14 for 7. 
100. 101. 


103. —4.3x = -17.2 


104. 5x + 7=3x -9 


105. 5(x — 2) — 8(x — 4) = 20 


Compute and simplify. 
106312720 10 


107. 4 — 5° + (16-4 + 23-3) 
108. |(—1)-3| 


109. 17 + (3) 


1 2 
110. -~-(-< 
eG) 


111. (—6)+ (5) 


UIs), = 


Test Scores. The following list gives the test scores for a 
midterm exam in a course on world literature. Use the data 
for Exercises 114—117. 

72, 68, 93, 98, 87, 89, 74, 76, 60, 79, 

82, 87, 85, 85, 96, 88, 71, 63, 92, 84 


114. Find the five-number summary for the test scores. 


115. Complete the following frequency table for the test 
scores. 


Test Scores 
60—69 
70—79 
80—89 
90—99 


Frequency 


116. Construct a stem-and-leaf plot for the test scores. 


117. Construct a histogram using the frequency table in 
Exercise 115. 


Translate to an algebraic expression. 


118. 17 more than some number 


119. 38 percent of some number 


Solve. 
120. 12x +4=7-x 


12 


Wil, =2n = 3(@ +P Al) 


22 x= 3x 


123. 29.966 — 8.673y = —8.18 + 10.4y 


. 1 3! 3 
124. Collect like terms: a a 
2 
A. 0 ly eS 
37 
1 3 1 1 
C oe D. —5*- 5Y 


125. Factor out the greatest common factor: 8x + 4y — 12z. 
A. 2(4x — 2y — 6z) B. 4(2x + y — 3z) 
(C, War — ae) Di 240-5 4y)— 122) 


126. Divide: ais co (-¥). 


25 5 
169 
Dae B. 5 
125 1 
Gc 169 D. 5 
127. Add: =—27 + (—11). 
A. -38 B. —16 
C. 16 D. 38 


SVMEMCSIS eee hee teen eee ees 


128. The sum of two numbers is 430. The difference is 40. 
Find the numbers. 
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CHAPTER 1 


Exercise Set 1.1, p. 6 

RC1. digit RC2. period RC3. expanded 

RC4, standard CC1. Five million CC2. Forty-two 
million CC3. Three billion CC4. Eighteen billion 

CCS. Seven trillion CC6. Forty trillion 

1. Sthousands 3. Shundreds 5.1 7. 4 

9. 4thousands + 6 hundreds + 9 tens + 2 ones 

11. 4 thousands + 0 hundreds + 9 tens + 0 ones, or 4 thousands + 
9tens 13. 9ten thousands + 3 thousands + 9 hundreds + 
8tens + 6ones 15. 4 hundred thousands + 0 ten thousands + 
1 thousand + 6 hundreds + 9 tens + 0 ones, or 4 hundred 
thousands + 1 thousand + 6 hundreds + 9tens 17. 1 billion + 
3 hundred millions + 7 ten millions + 3 millions + 5 hundred 
thousands + 4 ten thousands + 1 thousand + 2 hundreds + 
7tens + 8ones 19. 2 hundred millions + 5 ten millions + 
8 millions + 3 hundred thousands + 1 ten thousand + 

6 thousands + 0 hundreds + 5 tens + 1 one, or 2 hundred mil- 
lions + 5 ten millions + 8 millions + 3 hundred thousands + 
1 ten thousand + 6 thousands + 5tens + lone 21. Ejighty- 
five 23. Eighty-eight thousand 25. One hundred 
twenty-three thousand, seven hundred sixty-five 27. Seven 
billion, seven hundred fifty-four million, two hundred eleven 
thousand, five hundred seventy-seven 29. Three hundred 
ninety-four thousand, two hundred forty-nine 31. Thirty 
million, seven hundred fourteen thousand, two hundred 
eighty-six 33. 632,896 35. 50,324 37. 2,233,812 

39. 8,000,000,000 41. 40,000,000 43. 30,000,103 

45. 64,186,000 47. 138 


Calculator Corner, p. 10 
1.121 2. 1602 3.1932 4. 864 


Exercise Set 1.2, p. 12 

RC1. addends RC2.sum RC3.0 RC4. perimeter 
CC1. 50 =CC2. 110 + CC3. 800 CC4. 1700 

CCS. 6000 CC6. 10,000 1.387 3.164 5. 5198 
7.100 9. 8503 11.5266 13. 4466 15. 6608 

17. 34,432 19. 101,310 21. 230 23. 18,424 

25. 31,685 27.132 yd 29. 1661 ft 31. 570 ft 

33. 8tenthousands 34. Nine billion, three hundred forty-six 
million, three hundred ninety-nine thousand, four hundred sixty- 
eight 35. 1 + 99 = 100,2 + 98 = 100,...,49 + 51 = 100. 
Then 49 100’s = 4900 and 4900 + 50 + 100 = 5050. 


Calculator Corner, p. 15 
1.28 2.47 3.67 4.119 5.2128 6, 2593 


Exercise Set 1.3, p. 17 

RC1. minuend RC2. subtraction symbol 

RC3. subtrahend RC4. difference CC1.2 CC2. 93 
CC3. 7 CC4. 600 CC5.995 CC6.1 1. 44 


Answers 


3.533 5.39 714 9.369 11.26 13. 234 

15. 417-17. 5382-19. 2778 =. 21. 3069 =. 23. : 1089 

25. 7748 27. 4144 29.56 31. 454 33. 3749 

35. 2191 37. 43,028 39. 95,974 41. 4418 

43. 1305 45.9989 47. 48,017 49. 1345 50. 924 
51. 22,692 52. 10,920 53. Six million, three hundred 
seventy-five thousand, six hundred two 54. 9 thousands + 
1 hundred + O tens + 3 ones, or 9 thousands + 1 hundred + 
Zones 55. 3;4 


Calculator Corner, p. 21 


1.448 2. 21,970 3. 6380 4. 39,564 5. 180,480 
6. 2,363,754 


Exercise Set 1.4, p. 23 

RC1. factors RC2. product RC3.0 RC4. 1 

CC1. 800 CC2. 4800 CC3. 6000 CC4. 80,000 
CCS. 63,000 CC6. 400,000 1.520 3.564 5. 1527 
7. 64,603 9.4770 11. 3995 13. 870 15. 1920 

17. 46,296 19. 14,652 21. 258,312 23. 798,408 

25. 20,723,872 27. 362,128 29. 302,220 31. 49,101,136 
33. 25,236,000 35. 20,064,048 37. 529,984 sq mi 

39. 8100 sqft 41. 12,685 42. 10,834 43. 8889 

44, 254,119 45. 4hundredthousands 46. 0 

47. 1 ten thousand + 2 thousands + 8 hundreds + 4 tens + 
Jones 48. Seven million, four hundred thirty-two 
thousand 49, 247,464 sq ft 


Calculator Corner, p. 30 
1.28 2.123 3.323 4. 36 


Exercise Set 1.5, p. 32 


RC1. quotient RC2. dividend RC3. remainder 

RC4. divisor CC1.2R1 CC2.3R3 CC3. 12R4 
CC4.48R1 1.12 3.1 5.22 7.0 9. Not defined 
11.6 13.55R2 15.108 17.307 19. 753R3 

21. 74R1 23.92R2 25.1703 27. 987R5 

29. 12,700 31.127 33.52R52 35. 29R5 

37. 40R12 39.90R22 41.29 43. 105R3 

45. 16009R2 47.1007R1 49.23 51. 107R1 

53. 370 55. 609R15 57. 304 59. 3508 R 219 

61. 8070 63.1241 64. 66,444 65. 19,800 66. 9380 
67. 40 ft 68. 99sqft 69. 54, 122; 33,2772; 4,8 

71. 30 buses 


Mid-Chapter Review: Chapter 1, p. 35 


1. False 2. True 3. True 4. False 5. True 
6. False 7. Ninety-five million, four hundred six thousand, 


two hundred thirty-seven 
5 914 


60 4 
-~497 
107 


9. 6hundreds 10. 6 ten thousands 


Chapter1 - Ard 


11. 6thousands 12.6ones 13.2 14.6 15.5 16. 1 
17. 5 thousands + 6 hundreds + 0 tens + 2 ones, or 5 thousands + 
6hundreds + 2ones 18. 6 ten thousands + 9 thousands + 

3 hundreds + 4tens + Sones 19. One hundred thirty-six 

20. Sixty-four thousand, three hundred twenty-five 

21. 308,716 22. 4,567,216 23.798 24. 1030 25. 7922 
26. 7534 27. 465 28. 339 «29. 1854 30. 4328 

31. 216 32. 15,876 33. 132,275 = 3.4. 5,679,870 = 35. 253 
36. 112R5 37.23R19 38. 144R31 39. 25m 

40. 8sqin. 41. When numbers are being added, it does not 
matter how they are grouped. 42. Subtraction is not commu- 
tative. For example, 5 — 2 = 3,but2 —-5 43. 43. Answers 
will vary. Suppose one coat costs $150. Then the multiplication 
4+ $150 gives the cost of four coats. Or, suppose one ream of 
copy paper costs $4. Then the multiplication $4+ 150 gives the 
cost of 150 reams. 44. If we use the definition of division, 

0 + 0 = asuch that a-0 = 0. We see that a could be any num- 
ber since a: 0 = 0 for any number a. Thus we cannot say that 

0 + 0 = 0. This is why we agree not to allow division by 0. 


Exercise Set 1.6, p. 43 

RC1. True RC2. False RC3. False RC4. True 

Cc1. 100 = CC2. 1000 CC3. 700 1.50 3. 460 

§. 730 7.900 9.100 11.1000 13. 9100 

15. 32,800 17.6000 19. 8000 21. 45,000 23. 373,000 
25. 80+ 90 =170 = 27. 8070 — 2350 = 5720 

29. 220; incorrect 31. 890; incorrect 

33. 7300 + 9200 = 16,500 35. 6900 — 1700 = 5200 

37. 1600; correct 39. 1500; correct 

41. 10,000 + 5000 + 9000 + 7000 = 31,000 

43. 92,000 — 23,000 = 69,000 45. 50-70 = 3500 

47. 30-30 = 900 49. 900-300 = 270,000 

51. 400-200 = 80,000 53. 350 + 70 =5 

55. 8450 + 50 = 169 57. 1200 + 200 = 6 

59. 8400 + 300 = 28 61. $1900 ~=63. $1600; no 

65. Answers will vary depending on the options chosen. 

67. (a) $309,600; (b) $360,000 69. 90 people 

711.< 73> 475.< 77> #79 > «481. > 

83. 1,014,023 < 1,894,934, or 1,894,934 > 1,014,023 

85. 10,425 > 10,038, or 10,038 < 10,425 87. 86,754 

88. 13,589 89. 48,824 90. 4415 91.1702 92. 17,748 
93.54R4 94.208 95. Lefttothe student 97. Left to 
the student 


Exercise Set 1.7, p. 52 

RC1. (c) RC2. (a) RC3. (d) RCA. (b) CCI. No 
CC2. Yes CC3. Yes CC4.No 1.14 3.0. 5. 90,900 
7.450 9.352 1.25 13.29 15.0 17.79 

19.45 21.8 23.14 25.32 27.143 29. 17,603 

31. 37. 33. 1035 35. 66 37. 324 39.335 41. 18,252 
43.104 45.45 47.4056 49. 2847 51.15 53. 205 
55.457 57. 142R5 58. 142 59. 334 60. 334R11 
61.< 62.> 63.> 64. < 65. 6,376,000 

66. 6,375,600 67. 347 


Translating for Success, p. 62 


LE 2M 3D 4G 5A 60 7F 8& K 
9,J 10. H 


Exercise Set 1.8, p. 63 

RC1. Familiarize RC2. Translate RC3. Solve 

RC4. Check CCl. (d) CC2. (b) CC3. (c) 

CC4. (a) «1. 1071b 3. 549Ib- 5. 18 rows 7: 43 events 
9, 2054 mi 11. 2,073,600 pixels 13. 95 milligrams 

15. 168hr 17. $999 per month 19. $467 21. $11,232 
23. 151,500 25. $78 27. $390 permonth 29. $24,456 
31. 35 weeks; 2 episodes 33. 21 columns 35. 236 gal 


A-2 Answers 


37. (a) 4200 sq ft; (b) 268 ft 39. 56cartons 41. 645 mi; 5 in. 
43. $247 45. 525min,or8hr45min 47. 99,300 jobs 

49. 118 seats 51. 32$10bills 53. $400 55. 106 bones 
57. 8273 58. 7759 59. 806,985 60. 147R4 61. 34m 
62. 9706 sqft 63. 200 x 600 = 120,000 64. 66 

65. 792,000 mi; 1,386,000 mi 


Calculator Corner, p. 71 
1. 243 2. 15,625 3. 20,736 4. 2048 


Calculator Corner, p. 73 
1.49 2.85 3.36 4.0 5.73 6.49 


Exercise Set 1.9, p. 75 


RC1. exponent RC2. squared RC3. multiplication 
RC4. 3. CC1. Multiplication CC2. Division 

CC3. Subtraction CC4. Multiplication 

CC5. Exponentiation 1.34 3.5° 5.7 7. 10° 
9.49 11.729 13. 20,736 15. 243 17. 22 

19.20 21.100 23.1 25.49 27.5 29. 434 
31.41 33.88 35.4 37.303 39.20 41. 70 
43.295 45.32 47.906 49.62 51.102 53. 32 
55. $94 57.401 59.110 61.7 63.544 65. 708 
67.27 69. 452 70. 835 71.13 72. 37 

73. 4898 74.100 75. 104,286sqmi 76. 98 gal 

77, 2451+ 5-(44+ 3) = 36 79, 7:12 + (4+ 2)-3-2=4 


Summary and Review: Chapter 1, p. 78 


Vocabulary Reinforcement 


1. perimeter 2. minuend 3. digits; periods 4. dividend 
5. factors; product 6. additive 7. associative 8. divisor; 
remainder; dividend 


Concept Reinforcement 
1. True 2. True 3. False 4. False 5. True 6. False 


Study Guide 


1. 2thousands) 2. 65,302 3.3237 4. 225,036 
5. 315R14 6. 36,000 7.< 8.36 9 216 


Review Exercises 


1. 8thousands 2.3 3. 2thousands + 7 hundreds + 9 tens + 
3ones 4. 5ten thousands + 6 thousands + 0 hundreds + 

7 tens + 8 ones, or 5 ten thousands + 6 thousands + 7 tens + 
8ones 5. 4millions + 0 hundred thousands + 

0 ten thousands + 7 thousands + 1 hundred + 0 tens + 

1 one, or 4 millions + 7 thousands + 1 hundred + 1 one 

6. Sixty-seven thousand, eight hundred nineteen 7. Two 
million, seven hundred eighty-one thousand, four hundred 
twenty-seven 8. 476,588 9. 1,500,000,000 10. 14,272 
11. 66,024 12. 21,788 13. 98,921 14. 5148 15. 1689 
16. 2274 =17. 17,757 = 18. 5,100,000 19. 6,276,800 

20. 506,748 21. 27,589 22. 5,331,810 23. 12R3 
24.5 25.913R3 26.384R1 27.4R46- 28. 54 
29. 452 30.5008 31. 4389 32. 345,800 33. 345,760 
34. 346,000 35. 300,000 36.> 372 < 

38. 41,300 + 19,700 = 61,000 39. 38,700 — 24,500 = 14,200 
40. 400-700 = 280,000 41.8 42.45 43. 58 

44.0 45.4 46. 10,000 47.36 48.65 49. 233 
50. 260 51.165 52. $502 53. $484 54. 1982 

55. 19 cartons 56. $13,585 57. 14 beehives 

58. 98 sq ft; 42 ft 59. 137 beakers filled; 13 mL left over 
60. $27,598 61.B 62.A 63.D 64.8 65.a=8, 
b=4 66. 6 days 


Understanding Through Discussion and Writing 


1. No; if subtraction were associative, then a — (b — c) = 
(a — b) — c for any a, b, and c. But, for example, 


12-(8-4) =12-4=8, 


whereas 


(12-8)-4=4-4=0. 


Since 8 # 0, this example shows that subtraction is not 
associative. 2. By rounding prices and estimating their sum, 
a shopper can estimate the total grocery bill while shopping. 
This is particularly useful if the shopper wants to spend no 
more than acertain amount. 3. Answers will vary. Anthony 
is driving from Kansas City to Minneapolis, a distance of 512 
mi. He stops for gas after driving 183 mi. How much farther 
must he drive? 4. The parentheses are not necessary in the 
expression 9 — (4-2). Using the rules for order of operations, 
the multiplication would be performed before the subtraction 
even if the parentheses were not present. The parentheses are 
necessary in the expression (3+ 4)”; (3-4)? = 127 = 144, but 
3-4 = 3-16 = 48. 


Test: Chapter 1, p. 83 
1. [1.la]5 2. [1.1b] 8 thousands + 8 hundreds + 4 tens + 
3ones 3. [1.1c] Thirty-eight million, four hundred 
three thousand, two hundred seventy-seven 
4. [1.2a] 9989 5. [1.2a] 63,791 6. [1.2a] 3165 
7. [1.2a] 10,515 8. [1.3a] 3630 = 9. [1.3a] 1039 
10. [1.3a] 6848 11. [1.3a] 517512. [1.4a] 41,112 
13. [1.4a] 5,325,600 14. [1.4a] 2405 15. [1.4a] 534,264 
16. [1.5a]3R3 17. [1.5a] 70 = 18. [1.5a] 97 
19. [1.5a] 805R8 20. [1.6a] 35,000 = 21. [1.6a] 34,530 
22. [1.6a] 34,500 23. [1.6b] 23,600 + 54,700 = 78,300 
24, [1.6b] 54,800 — 23,600 = 31,200 
. [1.6b] 800-500 = 400,000 26. [1.6c] > 27. [1.6c] < 
28. [1.7b] 46 29. [1.7b] 13. 30. [1.7b] 14 
31. [1.7b] 381 32. [1.8a] 83 calories 33. [1.8a] 20 staplers 
34, [1.8a] 1,256,615 sq mi 35. (a) [1.2b], [1.4b] 300 in., 
5000 sq in.; 264 in., 3872 sq in.; 228 in., 2888 sq in.; 
(b) [1.8a] 2112 sqin. 36. [1.8a] 1852 12-packs; 7 cakes left over 
37. [1.8a] $95 38. [1.9a] 12* 39. [1.9b] 343 
40. [1.9b] 100,000 41. [1.9c] 31 42. [1.9c] 98 43. [1.9c] 2 
44, [1.9c] 18 45. [1.9d] 216 46. [1.9c] A 47. [1.4], [1.8a] 
336sqin. 48. [1.9c]9 49. [1.8a] 80 payments 


CHAPTER 2 


Calculator Corner, p. 89 
1. No 2. Yes 3. Yes 4. No 


Exercise Set 2.1, p. 91 


RC1. prime RC2. factor RC3. divisible 

RC4. multiple RC5. composite RC6. factorization 
CCl. True CC2. True CC3. False CC4. False 
CCS. True CC6. False 1. No _ 3. Yes 

5. 1,2,3,6,9,18 7. 1,2,3,6,9,18,27,54 9 1,2,4 
11.1 13. 1,2,7,14,49,98 15. 1,3,5, 15, 17, 51, 85, 255 
17. 4, 8, 12, 16, 20, 24, 28, 32,36,40 19. 20, 40, 60, 80, 100, 
120, 140, 160, 180,200 21. 3,6, 9, 12, 15, 18, 21, 24, 27, 30 
23. 12, 24, 36, 48, 60, 72, 84, 96, 108, 120 

25. 10, 20, 30, 40, 50, 60, 70, 80,90, 100 27. 9, 18, 27, 36, 45, 
54, 63,72,81,90 29. No 31. Yes 33. Yes 

35. No 37. Neither 39. Composite 41. Prime 

43. Prime 45.2-2-2 47.2-7 49. 2-3-7 

§1..9°5. .$3.2°5*5 §5..13*13 57.222545 

59. 5°7 61. 2°2°2-3-3 63. 7-11 = 65. 2°2+7-103 
67. 3-17 69. 2°2+2°2+3°5+5 71. 3+7-13 


73. 2:3:11°:17 75. 4thousands 76. 4 millions 

77. 2,428,000 78. 2,428,500 79. Row 1: 48, 90, 432, 63; 
row 2: 7, 2, 2, 10, 8, 6, 21, 10; row 3: 9, 18, 36, 14, 12, 11, 21; 
row 4: 29, 19, 42 


Exercise Set 2.2, p. 97 

RC1. (c) RC2. (a) RC3. (g) RC4. (d) RCS. (f) 
RC6. (h) RC7. (b) RCS8. (e) 1. Yes; the sum of the 
digits is 12, which is divisible by 3. 3. No; the ones digit is 
notQor5. 5. Yes; the ones digitis0. 7. Yes; the sum of 
the digits is 18, which is divisible by 9. 9. No; the ones 

digit isnot even. 11. No; the ones digit is not even. 

13. No; 30 is not divisible by 4. 15. Yes; 840 is divisible by 8. 
17. 6825 is divisible by3 and5. 19. 119,117 is divisible by 
none of these numbers. 21. 127,575 is divisible by 3, 5, and 9. 
23. 9360 is divisible by 2, 3, 4,5, 6, 8, 9, and 10. 

25. 324, 42, 501, 3009, 75, 2001, 402, 111,111, 1005 

27. 55,555, 200, 75, 2345, 35,1005 29. 56,784,200 31. 200 
33. 313,332, 7624, 111,126, 876, 1110, 5128, 64,000, 9990 

35. 313,332, 111,126, 876, 1110,9990 37. 9990 

39. 1110, 64,000,9990 41. 138 42.139 43. 874 

44.56 45.26 46.13 47. 45 gal 48. 4320 min 

49. 2°2+2°3+5+5°13 51. 2+2+3-3°7-11 53. 95,238 


Exercise Set 2.3, p. 104 

RC1. (ec) RC2. (d) RC3. (c) RC4. (b) RCS. (f) 
RC6. (a) 

CC1. Answers may vary; shade any 11 units. 


CC2. Answers may vary; shade any 4 units. 


A 


1. Numerator: 3; denominator: 4 3. Numerator: 11; 
denominator: 2 5. Numerator: 0; denominator: 7 7. & 


9% 13 13.3 15.4 172 194 21.3 23.3 
25.5 27.2 29.8% 31. (a) (bo 33. (a) 3 (b)3 

35. (a) 3b) (03; 2 37. @Eb) OT 

39. (a) 100003 (b) tion! (c) 10.000 (d) 5.000% (e) Ta (f) 10,000 

41.4 43.0 45.7 47.1 491 51.0 53.1 55.1 
57.1 59.1 61.18 63. Notdefined 65. Not defined 


67. 90,283 68. 29,364 69. 4673 70. 5338 71. 6510 
72. 14,526 73.3001 74.204R8 75.4 177. %,org 


79. OUBSsS 81. 


Exercise Set 2.4, p. 113 
RC1. True RC2. True RC3. True 


CCl. 7 CC2. 


146397 54 722 998 118 

132 WS Wigs We. 

2.25 27.5 295. She 33. a 
40 1 1 9 

Bead Sige MWe Ake s 


Chapters1-2 . A-3 


43.4 44.16 45. 50 
71,269 56 


* 180,433 ie 1125 


46. 6399 


Calculator Corner, p. 118 


14 7 138 7 
1. ht 2. 8 3. 167 4. 5 


Exercise Set 2.5, p. 120 


RC1. Equivalent RC2. simplify RC3. common 


RC4. cross CCl. Yes CC2. Yes CC3. No CC4. No 
CC5. Yes CC6. Yes 1.5 39 5.7 722 93 
1. «13.5 153 174 193 2.3% 23.3 

25.2 27.4 29.6 31.4 33.3 35.5 37. = 

39. 41. 43. 45. 47. 49. 55 

51.2 53.< 54.< 55.> 56. < 57. 3520 


58. 89 59. 6498 60.85 61. No; ~ ju because 


63-100 # 82+77. 
Mid-Chapter Review: Chapter 2, p. 122 


1. True 2. False 3. False 4. True 
§.2=1 6§=0 7.%=8 8&8 £=% 
9, 20 2:5+7 5,.2-7 _1,4_14 


* 225 ~~ 3+3+5+5 5 3-355 4 45 

10. 84, 17,576, 224, 132, 594, 504, 1632 11. 84, 300, 132, 
500,180 12. 17,576, 224,500 13. 84, 300, 132, 120, 
1632 14. 300,180,120 15. Prime 16. Prime 

17. Composite 18. Neither 19. 1,2, 4,5, 8, 10, 16, 20, 
32, 40, 80, 160;2+2+2-2-2+5 20. 1,2, 3, 6, 37, 74, 111, 
222;2+3-37 21. 1,2,7,14,49,98;2-7-7 22. 1,3,5,7, 
9, 15, 21, 35, 45, 63, 105, 315;3-3-5+7 23. S,or} 

24.2 0r$ 25. 26.8 27.7% 28.2 29.4 
30.1 31.0 32.4 33.2 34% 35.5 

36. Not defined 37. 38. 39. £ 


41. Find the product of two prime numbers. 


40. i¢000 mi? 
42. If we use the divisibility tests, it is quickly clear that none 

of the even-numbered years is a prime number. In addition, the 
divisibility tests for 5 and 3 show that 2001, 2005, 2007, 2013, 
2015, and 2019 are not prime numbers. Then the years 2003, 
2009, 2011, and 2017 can be divided by prime numbers to 
determine whether they are prime. When we do this, we find 
that 2003, 2011, and 2017 are prime numbers. If the divisibility 
tests are not used, each of the numbers from 2000 to 2020 can be 
divided by prime numbers to determine if itis prime. 43. It 

is possible to cancel only when identical factors appear in the 
numerator and the denominator of a fraction. Situations in which 
it is not possible to cancel include the occurrence of identical 
addends or digits in the numerator and the denominator. 

44. No; since the only factors of a prime number are the number 
itself and 1, two different prime numbers cannot contain a 
common factor (other than 1). 


Exercise Set 2.6, p. 126 
RC1. products RC2. Factor 


33°21 1 
CCl. 22-22-53 8B CC2 
1 
6 


RC3. 1 = RC4. Carry out 
2-37-2727 4 

“7+W+2-3-5+7 21 

1.3; 35 S55 72E 9H 11.9% 131 15.1 

171 1%1 21.2 23.4 25.9 279 2.8 31.2 

33.60 35.30 373 3%% 414 43.7 45. Zin. 

47. About $28,700,000,000 49. 480 addresses 51. } cup 


53. $115,500 55. 160mi 57. Food: $8400; housing: $10,500; 
clothing: $4200; savings: $3000; taxes: $8400; other expenses: $7500 


59. 8587 60. 2707 —s 61. 132,110 = 62. 67,632 ~=—63.. 2203 
64. 848 65. 37,239 =66. 11,851 67.26 68. 256 
69. 425 70. 4200 71.0 72.22 73.204 74. 700 


B.ie 1G 79. am 


A-4 Answers 


Translating for Success, p. 134 


1.C 2H 3A 4N 50 6F 71 8& L 
9.D 10.M 


Exercise Set 2.7, p. 135 

RC1. True RC2. False RC3. True RC4. False 

RCS. False RC6. True RC7. True RC8. True 

1.8 34 56 72% 9F IWS 13.4 15.2 
17.5 193 21.8 23.35 25.1 27.4 29% 3 

31. 144 33.75 35.2 37. 2 39. 315 41. 960 exten- 
sioncords 43. 32pairs 45. 24bowls 47. 16L 

49, 288km;108km_ 51. i in. 53. 1133 mi 54. 43 gal 

55. 526,761 sq yd; 3020 yd 56. $928 57.4 5936 61.3 


Summary and Review: Chapter 2, p. 138 


Vocabulary Reinforcement 


1. multiplicative 
5. equivalent 


2. factors 
6. reciprocals 


3. prime 4. denominator 
7. factorization 8. multiple 


Concept Reinforcement 

1. True 2. False 3. True 4. True 

Study Guide 

1. 1,2, 4,8, 13,26,52,104 2.2+2-2+13 3. 0,1,18 
4.3% 5. 6.2 74 8. Fcups 


Review Exercises 

1. 1,2,3,4,5, 6, 10, 12, 15,20,30,60 2. 1,2,4,8, 11, 16, 
22,44, 88,176 3. 8, 16, 24, 32, 40, 48, 56, 64, 72, 80 

4. Yes 5. No 6. Prime 7. Neither 8. Composite 
9.2°5-7 10.2°3°5 11.3-3°5 12. 2+3-5-5 

13. 2:2-+2°3-+3-3+3 14. 2-3+5-5+5-7 = 15. 4344, 600, 

93, 330, 255,555, 780, 2802, 711 16. 140, 182, 716, 2432, 4344, 
600, 330, 780, 2802 17. 140, 716, 2432, 4344, 600, 780 

18. 2432, 4344,600 19. 140, 95, 475, 600, 330, 255,555, 780 
20. 4344, 600, 330, 780, 2802 21. 255,555,711 22. 140, 600, 
330, 780 23. Numerator: 2;denominator:7 24. 2 25. z 
26.2 27. (a) 3 (b)z (Cz 28.2 2% 5 «930.1 31.0 
32.7% 33.18 34.4 35.4 36. Not defined 

37.6 38.5 39. 3 40. itp = Sh iw = Siw = 10 00 = 
41. 42. 43. 44, 45.3 46.56 47.3 


48.24 49.2 50.4 S513 525% 535 54.9 
55.3 56.; 57.9 58.8% 59.3 60.2 o1. 4% 
62.5 63.7 64.300 65.1 66.% 67.7, 68. 240 


69. 9 days 
2cups 73. $15 
77. a = 11,176; b = 9887 


70. About $60,794 71. 1000km = 72. 5 cup; 
74. 60 bags 75.D 76. B 
78. 13, 11, 101, 37 


Understanding Through Discussion and Writing 

1. The student is probably multiplying the divisor by the 
reciprocal of the dividend rather than multiplying the dividend 
by the reciprocal of the divisor. 

2. 9432 = 9-1000 + 4-100 + 3-10 + 2-1 = 

9(999 + 1) + 4(99 + 1) + 3(19 +1) +2-1= 

9-999 + 9-14 4-99 + 4-14 3-9 4+ 3-1 + 2°1. Since 999, 99, 
and 9 are each a multiple of 9, 9-999, 4-99, and 3-9 are multiples 
of 9. This leaves 9-1 4+ 4°-14+3°1+2-lor9+44+34+2.If 
9+4+3 + 2, the sum of the digits, is divisible by 9, then 9432 
is divisible by9. 3. Taking 5 of a number is equivalent to 
multiplying the number by 5. Dividing by 5 is equivalent to 
multiplying by the reciprocal of 5, or 2. Thus, taking 5 ofa 
number is not the same as dividing by 5. 4. We first consider 


an object and take 4 of it. We divide the object into 7 parts and 
take 4 of them, as shown by the shading below. 


4 


a 


a ee 
7 


Next, we take 5 of the shaded area above. We divide it into 
3 parts and take two of them, as shown below. 


WED) 


The entire object has been divided into 21 parts, 8 of which have 
been shaded twice. Thus, 3-7 = <. 5. Since Fisa smaller 
number than §, there are ONS 7’s in 5 than $s. Thus, 5 + 7 isa 
greater number than 5S + 5. 6. No; in order to simpliiy a frac- 
tion, we must be able te remove a factor of the type 7,” # 0, 
where v is a factor that the numerator and the denominator have 
in common. 


Test: Chapter 2, p. 143 

1. [2.1a] 1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 25, 30, 50, 60, 75, 100, 150, 
300 2. [2.1c] Prime 3. [2.1c] Composite 4. [2.1d]2-3-3 
5. [2.1d]2-2-3-5 6. [2.2a] Yes 7. [2.2a] No 8. [2.2a] No 
9, [2.2a] Yes 10. [2.3a] Numerator: 4; denominator: 5 


11. [2.3a]3 12. [2.3a]3 13. [2.3a] (a) 22; (b) 28 
14, [2.3b]26 15. [2.3b]1 16. [2.3b]0 17. [2.5b] 4 


18. [2.5b]6 19. [2.3b] Not defined 20. [2.3b] Not defined 
21. [2.5b]2 22. [2.5c] = 23. [2.5c] ~ 24. [2.6a] 32 


25. [2.6a]3 26. [2.6a]} 27. [2.6a]5 28. [2.7a] 

29. [2.7a]4 30. [2.7a] zg 31. [2.76] 2 32. [2.7b] 18 
33. [2.7b] #34. [2.7c] 64 35. [2.7] 
36. [2.6b] 4375 students 37. [2.7d] i m 


38. [2.7d] 5 qt 


39, [2.6b]zin. 40. [2.3a] C41. [2.6b] 2 acre 
42. [2.6a], [2.76] oe 
CHAPTER 3 


Exercise Set 3.1, p. 151 


RC1. True RC2. True RC3. True RC4. False 

CC1. LCM = 2-3-5 = 30 CC2. LCM = 2-2-2-3-5 = 120 
CC3. LCM = 2-3-5-11 = 330 

CC4. LCM = 2-2-2-+3+3-5-5 = 1800 

CCS. LCM = 2-2-3-+5-5 = 300 

CC6. LCM = 2-2-2-°3+5°5-5-7 = 21,000 1.4 3.50 
5.40 7.54 9.150 11.120 13.72 15. 420 

17. 144 19. 288 21.30 23.90 25.72 27. 60 

29. 36 «931. 900 §=33. 48 35.50 37. 143 39. 420 

41. 378 43. 810 45. 2160 47. 9828 49. 6000 

51. Every 60 years 53. Every 420 years 55.18 56. 59R77 
57. 3 58. 33,135 59. 6,356,118 60. 77,699 61. 5 in. by 24 in. 


Exercise Set 3.2, p. 157 

RC1. iis RC2. False RC3. False RC4. True 

cc1. $+ cc2.3+2 ccs. ia + 60 * 0 1. : 3. 3 
532.5 92 Uwe 132.4 1.2 11.3% 19.4 
21.755 23.2 25.8 27.35 29.7 31. 500 33. 

35. 37. mi «39%. BIb 41. a 43. Hin. 45. Zin. 
47. 3 mi 49. 2 qt; 2 qt; 2 qt 51. = 286 cartons; 
2ozleft over 53. 17,950,000 Ib “SA, a acre 55. & $320 


Translating for Success, p. 164 


1.J 2E 3D 4B 5.1 6N 7A 8 C 
9,.L 10. F 


Exercise Set 3.3, p. 165 


RC1. numerators; denominator RC2. denominators 

RC3. denominators RC4. numerators CCl. 16 CC2. 40 
CC3. 132. CC4. 360 1.$ 3.3 5. 2 ue OS 

11. 13.3 15.45 11.4 19. in 21.2% 23. 


9 
14 

25.4% 272% 2% 31.2% 33% 35.2 372< 
> 
a 
15. 


39. MN. < 43.< 45> 47> 492< SLE 
53.4 55.4 57. Shr 59% gin. 61. 1b 63. {tub 
65. ; 67.1 68. Notdefined 69. Net defined 70. 4 
1.4 72.4 73.12 74.5 75.3 77. 3%km 79. 9 
81. 42 83. Day 1: Cut off 5 of bar and pay him. Day 2: Cut 
off 5 of bar. Trade him for the +. Day 3: Give him back the 7. 
Day 4: Trade him the for his ?. Day 5: Give him the 5 again. 
Day 6: Trade him the 3 for the 7. Day 7: Give him the 5 again. 
This assumes that he does not spend parts of the gold bar 
immediately. 


Exercise Set 3.4, p. 171 

RC1. True RC2. True RC3. False RC4. True 

CC1. 34 CC2.123 + cc3. 264 1.3435 

3.43,33,15 57 722 98 11. aL 13.*2 15. 2 
7.2 #192 21.7 23.3 25.73 27.5% 29, 2 
31. 821 33.32 35.43 37.45 39.535 41.75 
43.75 45.115; 47.15 49.775 51.43; 53. 1083 
55.618: 57.405 59.553; 61. 229232 63. 45,800 
64. 45,770 65.5 66.5 67.< 68> 69 = 
70.4 71.3 72.8 73.35 74.6407 75. 237 a7 
77. 8% 79. 524 


Mid-Chapter Review: Chapter 3, p. 174 


1. True 2. True 3. False 4. False 
5, u_ 3 u 3 


= paras) gatas) 


+ 


~ 
+ 
Bin & 
+ | 
Be SO wor 
| 


X= 34 

Ts 45 and 50 120 
50 and 80 720 

30 and 24 400 

18, 24, and 80 450 


a8 58 1 WG i 1 
15.5, 16. mi 17.3>hr 18. 5,5,7,5 19.9 20.175 
21. C 22. C 23. No; if one number is a multiple of the other, 
for example, the LCM is the larger of the numbers. 24. We 
multiply by 1, using the notation n/n, to express each fraction i in 
terms of the least common denominator. 25. Write 3 as jf and 

8 as # 10 ° and since taking 40 tenths away from 16 tenths would give a 
result less than 0, it cannot possibly be § 3. You could also find the 


sum § + $ and show that it is not §. 26. No; 24 = 4 but 2-4 = 4. 


Chapters2-3 -  A-5 


Exercise Set 3.5, p. 181 
RC1. (d) RC2. (a) ~RC3. (b) ~RC4. (©) CCI. (a), (b), © 
CC2. (b), (©), (d) 1.283 3.1853 5.63 7220 9145 


11,127; 13.165 15.215 17.27) 19.2778 21.12 
23.475 25.215, 27.124 29.153 31.7 33. 133 
35.117; 37.145} flats 39. 751b 41. Rin. 43. 204 yd 


45. Syd 47.94;,mi 49 1j5in. 51. 78 yin. 
53. 134j;in. 55. 28}yd 57.73 ft 59% Sfin. 61. 204in. 


63. 3¢hr 65. 662 ft 67. Yes 68..No 69. No 

70. Yes 71. No 72. Yes 73. Yes 74. Yes 

75. 3 ten thousands + 8 thousands + 1 hundred + 2 tens + 5 ones 
76. Two million, five thousand, six hundred eighty-nine 77. 94 
78. 81 79. 85687 81. S57 ft 


Calculator Corner, p. 189 
15 24% 3.2 43 5.102 61% 
7.107 B27 


Translating for Success, p. 190 


1.0 2K 3F 4D 5H 6G 72L 8&E 
9M 10. J 


Exercise Set 3.6, p. 191 

RC1. True RC2. True RC3. True RC4. True 

col. 2-3 ce2.8-8 cc3. 3-2 cca, F-3, 

1.22 3.2% 5.8% 7.93 9.247, 11. 9752 
13.6% 1512 173% 1%1§ 2.18 23.3 

25. About 35mi 27. 144cups 29. 624sqft 31. 12% tiles 
33. 343} 1b 35. 68°F 37. About $46,000,000,000 39. 75 mph 
41.5 5 cups of flour, 2 § cupsofsugar 43. 15mpg 45. 400 cu ft 
47. 16};servings 49. 355e2sqin. 51. 134in. X 13}in-: 
175% sqin.; 134in. X 3fin.: 

eae ae = 33 in., area = 43% sqin. 53. $408 54. 9 bills 
55. 4 ofthe food 56. 126slices 57. $36,500 a year 

58. 16 packages 59. 22m 60. 4500sqyd_ 61. 360 
63.35% 65.5 67.1% 


perimeter = 53in., area = 


Exercise Set 3.7, p. 200 

RC1. (c) RC2. (d) RC3. (a) RC4. (b) CCl. $+ 

cc2. 2+% cco3.t+4 cca 2+ 3 1. 2 0r1 8 

3.3, 5. 4 sa Te %9HX 11.2 13. Zor2}? 

15. 30199 =«617-% «19. Ford} 21. orl; 23. a 

25.% 27.5 2943 312% 33.3 35. Borog 

37. 165mi 39% 97Ib 41.0 43.1 45.5 47.3 
3 55.2 57.3 59.2715 61. 293 

63.20 64.2 65.84 66.100 67. 1,2,3,6,7, 14, 21, 42 

68. No 69. Prime: 5, 7, 23, 43; composite: 9, 14; neither: 1 

70.2:3°5°5 7Tla=2,b=8 73. The largest is$ +} = %. 


Summary and Review: Chapter 3, p. 203 


Vocabulary Reinforcement 


1. least common multiple 2. mixednumeral 3. fraction 
4. complex fraction 5. denominators 6. least common 
multiple 7. greatest 8. numerators 


Concept Reinforcement 


1. True 2. True 3. False 4. True 


A-6 Answers 


Study Guide 
1.156 2Wors 324 4< 595 6 2 7.72 
8.735 9.1444 10. About 4,500,000 11. 3,0r45 12. 4 


Nie 


Review Exercises 

1.36 2.90 3.30 4.14044 5.9 62 7.3 

a a ee (a © On 0 a © 
15.5 16.2 173 189% 19.4 20.2 21.23 
22.6% 23.122 24.33 25.8774 26. 456% 27. 102 
28.114 29.10% 30.8% 31.73 32.4K 33.4% 
34.133 35.16 36.33 37.23 38.6 39. 12 
40.15 41.5 42.7% 43.45 yd 44. 17735q. in. 

45. 50;sq.in. 46.175in. 47. 241b 48. 83 cups 

49. $850 50. 3}mi 51. 634 pies; 19} pies 52.1 53.7% 
54.3 55.4 56.30 57.45 58.45 590 60.1 


61.7 62.10 63.55 64.0 65.2} 66.285 67A 
68.D 69 12min 70.$+3=3} 


Understanding Through Discussion and Writing 


1. No; if the sum of the fraction parts of the mixed numerals is 

n / n, then the sum of the mixed numerals is an L integer. For example, 
1 + 63 = 72 = 2. A wheel makes 334 revolutions per 
es Tt rotates fos 45 min. How many seen hited does it make? 
Answers may vary. 3. The student is multiplying the whole 
numbers to get the whole-number portion of the answer and 
multiplying fractions to get the fraction part of the answer. The 
student should have converted each mixed numeral to fraction 
notation, multiplied, simplified, and then converted back to a mixed 
numeral. The correct answer is 4 8. 4. It might be necessary to 
find the least common denominator before adding or subtracting. 
The least common denominator is the least common multiple 

of the denominators. 5. Suppose that a room has dimensions 
15} ft by 283 ft. The equation 2-15} + 2-283 = 883 gives the 
perimeter of the room, in feet. Answers may vary. 6. Note that 
5-35 = 5(3 + 7) = 5-3 + 5-4. The products 5-3 and 5-4 should 
be added rather than multiplied together. The student could also 
have converted 32 to fraction notation, multiplied, simplified, and 
converted back to a mixed numeral. The correct answer is 16 3. 


Test: Chapter 3, p. 209 


1. [3.1a] 48 = 2. [3.1a] 600 = 3. [3.2a] 34. [B.. 2al 34 37 
5. (3.2a] ZL 6. B.3alt 7. B.3a]5 8. 33a ZG 
9. [3.3c]42 10. [3.3c]; 11. [3.3b] > ~— 12 [3.4a] 3 


13. [34a] 2 14. [3.4a]45 15. [3.4a]8§ 16. [3.4b] 1624 
17. [3.5a} 144 18. [3.5a} 14,5 19. [3.5b]44 20. [3.5b] 64 
- [3.6a] 39 22. [3.6a] 45 23. [3.6b]2 24. [3.6b] x 
aa 6c] 55mph 26. [3.6c] 80 books ~=.27._ [3.5c] (a) 3 in.; 
wat in. 28. [3.3d] Zin. 29. [3.7b] 6% ft 30. [3.7a] 34 
31. (3.7) 3 32. [3.7b]4 33. [3.7c]0 34. [3.7c] 1 
35. [3.7c] 16 36. [3.1a]D 37. [3.1a] (a) 24, 48, 72; (b) 24 
38. [3.3b], [3.5c] Rebecca walks u mi farther. 


Cumulative Review: Chapters 1-3, p. 211 

“i (a) [3.5c] 14 5 mi; (b) [3.7b] 4 ot mi 2. [1.8a] 31 people 
3. [2.6b] 5 2 Sp 4tsp 4. [3.6c] 16 pieces 5. [1.8a] $108 

6. (3.2b] mi 7. [2.3a] i 8. [2.3a] 49. [1.2a] 8982 

10. [1.3a] 4518 14. [1.4a] 5004 = 12. [1.4a] 293,232 

13. [3.2a]5 14. [3.5a] 84 15. [3.3a]5 16. [3.5b] 17 

17. [2.6a]3 18. [2.6a]15 19. [2.7b]4 20. [3.6b] 74 

21. [1.5a] 715 22. [1.5a]56R11 23. [3.4b] 567 

24, [l.la]5 25. (a) [3.6c] 142} sq. ft.; (b) [3.5c] 54 ft 

26. [1.6a] 38,500 27. [31a] 72-28. [3.7a] 4 or 13 7 


29. [3.3b] > 30. [2.5c] = 31. [3.3b] < 32. [3.7c] 1 
33. [3.7c] + 34. [3.7c]0 35. [2.5b] $36. [2.3b] 0 
37. [2.5b] 32 38. [3.4a] 2-39. [3.4a] 53 40. [1.7b] 93 
41. [3.3c]3 42. [2.7c] #43. [1.7b] 905 
44. [2.1a, c, d], [2.2a] 
Factors of 68: 1, 2, 4, 17, 34, 68 
Factorization of 68: 2° 2°17, or 2°34 
Prime factorization of 68:2+2+17 
Numbers divisible by 6: 12, 54, 72, 300 
Numbers divisible by 8: 8, 16, 24, 32, 40, 48, 64, 864 
Numbers divisible by 5: 70, 95, 215 
Prime numbers: 2, 3, 17, 19, 23, 31, 47, 101 
45. [2.1c] 2003 


CHAPTER 4 


Exercise Set 4.1, p. 221 


RC1. 5 RC2.2 RC3.3 RC4.0 RCS. 8 

RC6. 4 RC7.1 RC8.6 CC1. 0.099, 0.89999, 0.909, 
0.9889, 0.99, 0.9999, 1, 1.00009 CC2. 2.000001, 2.0119, 2.018, 
2.0302, 2.1, 2.108, 2.109 

1. Seventeen and seven thousand one hundred seventy-eight 
ten-thousandths 3. One hundred three and six tenths 

5. Two hundred thirty-two and one hundred sixty-four 


thousandths 7. Three and seven hundred eighty-five 


33 356 20,003 10,008 
thousandths 9% 11.7 13. a 15. ipo 


17.32 «19. maim «6020.8 «9-23. 3.798 +25. 8.89 

27. 0.00019 29. 0.0078 31. 0.376193 33. 2.9 

35. 3.098 37. 99.44 39. 2.1739 41.0.58 43. 0.91 

45. 0.001 47. 235.07 49. 7a; 51. 0.432553. 0.1 
55.0.5 57.2.7 59. 123.7 61. 0.89 63. 0.67 

65. 1.00 67. 0.09 69. 0.325 71. 17.001 73. 10.101 

75. 9.999 77. 800 79. 809.573 81. 810 83. 34.5439 
85. 34.54 87.35 89. 6170 90. 6200 91. 6000 

92. 2-2-2-2+5+5+S,or24+5? 93, 2-3+3+5+17, or 2+37+5+17 
94.5 95.2 97. 6.78346 99. 0.03030 


Exercise Set 4.2, p. 227 

RC1. 21.824; 23.7 RC2. 146.723; 40.9 CCI. (0c) 

CC2. (b) 

1. 334.37 3. 1576.215 5. 132.560 7. 50.0248 9. 40.007 
11. 977.955 13. 771.967 15. 8754.8221 17. 49.02 

19. 85.921 21. 2.4975 23. 3.397 25.885 27. 3.37 

29. 1.045 31. 3.703 33. 0.9902 35. 99.66 37. 4.88 

39. 0.994 41. 17.802 43. 51.13 45. 32.7386 47. 4.0622 
49. 11.65 51. 384.68 53. 582.97 55. 15,335.3 

57. 35,000 58. 34,000 5% 2 60.#% 61. 6166 


62. 5366 63. 16;servings 64. 60smi 65. 345.8 


Exercise Set 4.3, p. 235 

RC1. (ec) RC2. (4) RC3. (a) RCA. (b) 

RCS. (f) RC6.(c) CCI.) CC2. (e) 

CC3. (f) C4. (a) CCS. (d) CCE. (b) 

1.60.2 3.672 5. 0.252 7.0.522 9. 237.6 

11. 583,686.852 13. 780 15. 8.923 17. 0.09768 

19. 0.782 21. 521.6 23. 3.2472 25. 897.6 

27. 322.07 29. 55.68 31. 3487.5 33. 50.0004 

35. 114.42902 37. 13.284 39. 90.72 41. 0.0028728 

43. 0.72523 45. 1.872115 47. 45,678 49. 2888¢ 

51. 66¢ 53. $0.34 55. $34.45 57. 19,973,000,000,000; 
325,700,000 59. 60,061,000; 29,638,000 61. 10,400,000,000 
63.115 64.3 65.2% 66.7% 67.87 68. 1176R14 


69. 10,000 70. 306,300 71. 107) = 1 sextillion 
73. 1074 = 1 septillion 


Calculator Corner, p. 239 


1.1715 2. 33.83 3. 454.74 4. 0.5076 5. 2.56 
6. 0.064 


Exercise Set 4.4, p. 245 

RCI. (ce) RC2. (b) RC3. (d) RCA. (a) 

RCS. (c) RC6. (f) CCI. Subtract: 2 — 0.04 

CC2. Divide: 2.06 + 0.01 CC3. Evaluate: 8° 

CC4. Add: 4.1 + 6.9 CCS. Divide: 9 + 3 

CC6. Subtract: 10 — 5 

1.2.99 3.23.78 5.7.48 7.7.2 9.1143 11. 4.041 
13.56 15.70 17.20 1904 21. 0.41 23. 8.5 
25.9.3 27. 0.625 29. 0.26 31. 15.625 33. 2.34 
35. 0.47 37. 0.2134567 39. 2.359 41. 4.26487 

43. 169.4 45. 1023.7. 47. 4256.1 49. 9.3 

51. 0.0090678 53. 45.6 55. 2107 57. 303.003 

59. 446.208 61. 24.14 63. 13.0072 65. 19.3204 
67. 473.188278 69. 10.49 71. 911.13 73. 205 

75. $1288.36 77. 13,748.5ft 792 80.3 

81. 2-2-3-3-19, or 27-37-19 82. 5-401 83. 155 
84. 5 85. 343 86. 64 87. 47 88. 41 

89. 6.254194585 91.1000 93. 100 


Mid-Chapter Review: Chapter 4, p. 249 


1. False 2. True 3. True 
4. y + 12.8 = 23.35 
y + 12.8 — 12.8 = 23.35 — 12.8 

y +0 = 10.55 

y = 10.55 
5. 5.6 + 4.3 X (6.5 — 0.25)? 6 + 4.3 X (6.25)? 
.6 + 4.3 x 39.0625 
= 5.6 + 167.96875 
= 173.56875 

6. Thirty-two and thirty-eight thousandths 7. 2,784,000,000 
8.7 (98. Gap «= 1060.13) 1 5.2) 12.0.7) 13. 6.39 
14. 35.67 15. 8.002 16. 28.462 17. 28.46 18. 28.5 
19. 28 20. 50.095 21. 1214.862 22. 5.228 23. 18.24 
24. 272.19 25. 5.593 26. 15.55 27. 39.37 28. 4.14 
29. 92.871 30. 8123.6 31. 2.937 32. 5.06 33. 3.2 
34. 763.4 35. 0.914036 36. 2045¢ 37. $1.47 38. 12.7 
39. 8.4 40. 59.774 41. 33.33 42. The student probably 
rounded over successively from the thousandths place as follows: 
236.448 ~ 236.45 ~ 236.5 ~ 237. The student should have con- 
sidered only the tenths place and rounded down. 43. The dec- 
imal points were not lined up before the subtraction was carried 
out. 44.10+02= i =9-2=%=100+2 45. For 
0.247 + 0.1 = 0.0247, the divisor, 0.1, is smaller than the divi- 
dend, 0.247. Thus, the answer will be larger than 0.247. The 
correct answer is 2.47. For 0.247 + 10 = 2.47, the divisor, 10, is 
larger than the dividend, 0.247. Thus, the answer will be smaller 
than 0.247. The correct answer is 0.0247. 


Exercise Set 4.5, p. 256 


RC1. Repeating RC2. Terminating RC3. Terminating 
RC4. Repeating RCS. Repeating RC6. Terminating 
CCl. (c) CC2. (a) CC3. (d) CCA. (b) 

1.0.23 3.06 5.0.325 7.0.2 9.0.85 11. 0.375 
13. 0.975 15.0.52 17. 20.016 19.0.25 21. 1.16 

23. 1.1875 25. 0.26 27.03 29.13 31. 1.16 

33. 0.571428 35. 0.916 37. 0.3; 0.27; 0.267 

39. 0.3; 0.33;0.333 41. 1.3; 1.33;1.333 43. 1.2; 1.17; 1.167 
45. 0.6; 0.57;0.571 47. 0.9; 0.92; 0.917 49. 0.2; 0.18; 0.182 
51. 0.3; 0.28; 0.278 53. (a) 0.571; (b) 1.333; (e) 0.429; (d) 0.75 
55. 0.240 57. 15.8mpg 59. 17.8mpg_ 61. $315.894 billion 
63. $224.505 billion 65. 15.2mph 67. 11.06 69. 8.4 
71. 417.516 73.0 75. 2.8125 77. 0.20425 79. 317.14 


Chapters 3-4 A-7 


81. 0.1825 83.18 85. 2.736 87.21 88.15 89 10 
90. 307, 91. 1x;cups 92. 174 in. 
93. 0.142857, 0.285714, 0.428571, 0.571428, 0.714285; 0.857142 


Exercise Set 4.6, p. 262 
RC1. (b) RC2. (d) RC3. (c) 
RC6. (f) 

1. (c) 3. (a 5. () 716 96 11.60 13. 2.3 
15.180 17. (a) 19. (c) 21. (b) 23. (b) 

25. 1800 + 9 = 200 posts; answers may vary 

27. $2-35 = $70; answersmay vary 29.2 30.165 31. 210 
32. 69 33.10 34.530 35. No 37. (a) +, X; (b) +, X,— 


RC4. (ec) RCS. (a) 


Translating for Success, p. 270 


1.1 2C 3N 4A 5GC 6B 72D 8 O 
9. F 10.M 


Exercise Set 4.7, p. 271 

RC1. (d) RC2. (a) RC3. (b) RCA. (c) 

1. 158.541 million drivers 3. About $5,838,667 5. 102.8°F 
7.78.1cem 9. 219.5mi 11.1.9lb 13. 11.9752 cu ft 

15. $8.1 million 17. $24.33 19. 20.2mpg 21. 227.75 sq ft 
23. Area: 268.96 sq ft; perimeter: 65.6 ft 

25. 433.1 billion payments 27. $157,080.60; $37,080.60 

29. 876 calories 31. $906.50 33. 15.294 million vehicles 
35. $1180.15, 500.15, 916.42; 875.47, 764.83 37. 1.4°F 

39. $2040.15 41.2 42.62 43.4 44.2803 45.3 
46. 53 47. 74min 


Summary and Review: Chapter 4, p. 276 


Vocabulary Reinforcement 


1. repeating 2. terminating 3. billion 4. million 
5. trillion 6. arithmetic numbers 


Concept Reinforcement 
1. True 2. False 3. True 4. False 
Study Guide 


1.37 2.81.7 3. 42.159 4, 153.35 5. 38.611 
6. 207.848 7.19.11 8. 0.176 9. 60,437 10. 7.4 
11. 0.047 12. 15,690 


Review Exercises 

1. 6,590,000 2. 3,100,000,000 3. Three and forty-seven 
hundredths 4. Thirty-one thousandths 5. Twenty-seven 
and one ten-thousandth 6. Ninetenths 7. iq 8. eh 


9. 3, 10. may «11. 0.034 12. 4.2603 13. 27.91 
18. 1.041 


14. 867.006 15. 0.034 16. 0.91 17. 0.741 


19.174 20.17.43 21. 17.429 22.17 23. 574.519 
24. 0.6838 25. 229.1 26. 45.551 27. 29.2092 28. 790.29 
29. 29.148 30. 70.7891 31.12.96 32. 0.14442 33. 4.3 
34. 0.02468 35.7.5 36.0.45 37. 45.2 38. 1.022 

39. 0.2763 40. 1389.2 41. 496.2795 42. 6.95 43. 42.54 
44, 4.9911 45. $39.65 46. 0.12 ounce/day 47. $784.47 
48. $55.50 49. 14.5 mpg 50. 20.0 million books 51. 272 
52.216 53. $125 54.052 55.045 56.2.75 57. 3.25 
58.116 59.154 60.1.5 61.1.55 62. 1.545 

63. $82.73 64. $4.87 65. 2493¢ 66. 986¢ 67. 1.8045 
68. 57.1449 69. 15.6375 70.D 71. B 

72. (a) 2.56 X 6.4 + 51.2 — 17.4 + 89.7 = 72.62; 

(b) (11.12 — 0.29) x 34 = 877.23 

73. 1 = 3-4 = 3(0.33333333... ) = 0.99999999... , or 0.9 


A-8 Answers 


Understanding Through Discussion and Writing 


1. Count the number of decimal places. Move the decimal 
point that many places to the right and write the result over a 
denominator of 1 followed by that many zeros. 
2. 346.708 x O.1 = MEMS x 1 = MORE = 34.6708 ~ 3467.08 
3. When the denominator of a fraction is a multiple of 10, long 
division is not the fastest way to convert the fraction to decimal 
notation. Many times when the denominator is a factor of some 
multiple of 10, this is also the case. The latter situation occurs when 
the denominator has only 2’s or 5’s, or both, as factors. 
4. Multiply by 1 to get a denominator that is a power of 10: 

44 44 8 352 0.352 


125 125 8 1000 
We can also divide to find that i = 0.352. 


Test: Chapter 4, p. 281 
1. [4.3b] 9,800,000,000 2. [4.1a] One hundred twenty-three 
3. [4.1b] 254. [4.1b] 228 


5. [4.1c] 0.162 6. [4.1c] 8.049 7. [4.1b] 0.074 8. [4.1b] 3.7047 
9. [4.1b] 756.09 10. [4.1d]6 11. [4.1d] 5.678 12. [4.1d] 5.7 
13. [4.2a] 186.5 14. [4.2b] 48.357 15. [4.2b] 19.0901 
. [4.3a] 0.03 17. [4.3a] 0.21345 18. [4.4a] 4.75 
19. [4.42] 30.4 20. [4.4a] 0.19 21. [4.4a] 0.34689 
22. [4.4b] 84.26 23. [4.2c] 8.982 24. [4.4c] 40.0065 
25. [4.5c] 302.4 26. [4.5a] 0.35 27. [4.5a] 0.88 
28. [4.5a] 0.81 29. [4.5a] 7.416 30. [4.5b] 7.4 
31. [4.5b] 7.42 32. [4.5b] 7.417 33. [4.6a] 198 
34. [4.6a] 4 35. [4.7a] $46.69 36. [4.7a] 28.3 mpg 
37. [4.7a] 71.4 years 38. [4.7a] $293.93 39. [4.3b] B 
40. [4.7a] $35 41. [4.1b,c]2,3,80 2 8 


and forty-seven ten-thousandths 


Cumulative Review: Chapters 1-4, p. 283 

1. [(3.4a]) 22. [4.1b] #3. [4.5a] 1.4 4. [4.5a] 0.54 

5. [2.1c] Prime 6. [2.2a] Yes 7. [1.9c] 1754 8. [4.4c] 4.364 
9. [4.1d] 584.97 10. [4.5b] 218.56 11. [4.6a] 160 

12. [4.6a]4 13. [1.6b] 12,800,000 14. [4.6a] 6 

15. [3.5a] 655 16. [1.2a] 139,116 17. [3.2a] 

18. [4.2a] 145.953 19. [1.3a] 710,137 20. [4.2b] 13.097 

21. [3.5b]5 22. [3.3a] ig 23. [26a] £24. [14a] 5,317,200 
25. [4.3a] 4.78 26. [4.3a] 0.0279431 27. [4.4a] 2.122 

28. [1.5a] 1843 29. [4.4a] 13,862.1 30. [2.7b] 2 

31. [4.2c] 0.78 32. [1.7b]28 33. [4.4b] 8.62 

34, [1.7b] 367,251 35. [3.3c] iz 36. [2.7] 5 

37. [1.8a] 1481 million people, or 1.481 billion people 

38. [1.8a] 727 million people 39. [2.7d] $1500 

40. [2.6b] $2400 41. [4.7a] $258.77 42. [3.5c] 65 Ib 


43. [3.2b]2Ib 44. [4.7a] 467.28 sqft 45. [3.7a] 4 
46. [4.4c] 527.04 47. [4.7a] $2.39 48. [3.6c] 144 packages 
CHAPTER 5 


Exercise Set 5.1, p. 290 


RC1. True RC2. True RC3. False RC4, False 
CC1. (a), (c), (d) CC2. (b), (©), (e) 
8} 
1238 5H 73 oO RB 1. 33 13, $33, 28 
6 


15.2 17.5 1932 2:9 23.3 25.3 
27.5 2.5 31.2 33.5 35.5 37.3 39, 2373 
41. 408,550 42. 27.006 43. 397.27 44.9 45. 5 


46. 145 47. 942,219 48.2.6 49. 94.375 50. % 
51.132 52.43 53.32 55.1:2:3 


Exercise Set 5.2, p. 296 

RC1. True RC2. False RC3. True RC4. False 

CCl. (b) CC2. (c) CC3. (d) CCA. (a) 

1. 40km/h 3. 7.48mi/sec 5. 51,332 people/sq mi 
7.17mpg 9 33 mpg 11. 25 mph; 0.04 hr/mi 

13. About 393 performances/year 15. 186,000 mi/sec 

17. 124km/h 19. 0.623 gal/ft? 21. 25 beats/min 

23. 26.188¢/0z; 26.450¢/0z;160z 25. 13.111¢/0z; 11.453¢/0z; 
750z 27. 18.222¢/0z; 17.464¢/0z;280z 29. 10.187¢/0z; 
10.346¢/0z; 10.70z 31. B: 18.719¢/0z; E: 14.563¢/0z; Brand E 
33. A: 10.375¢/0z; B: 9.139¢/0z; H: 8.022¢/0z; Brand H 

35. 11,550 36. 679.4928 37. 2.74568 38. 2 39. 855 
40. 133 41.125 42.9.5 43.963 44. 45. 150 


46. 193 47. 6-0z: 10.833¢/0z; 5.5 oz: 10.909¢/oz 


Exercise Set 5.3, p. 304 


RC1. ratio RC2. proportional RC3. proportion 
RC4. cross products CC1. 5,10 CC2. 3,10 CC3. i 


1.No 3. Yes 5. Yes 7.No 945 11. 12 

13.10 15.20 17.5 1918 21.22 23. 28 

25. Zor9; 27.2 or2§ 295 31.5 33.0 

35.14 37.2.7 39.1.8 41.0.06 43.0.7 45. 12.5725 
47.1 49.5 51.3 53.2 55. 2%,0r3% 57. Pe or2ie 
59. 16,052 golf courses 60. 61lb 61. 1b 62. z 1b 

63. 65 cm 64. 373 servings 65. $59.81 66. 21.5 mpg 

67. Approximately 2731.4 69. Ruth: 1.863 strikeouts per 
home run; Schmidt: 3.436 strikeouts per home run 


Mid-Chapter Review: Chapter 5, p. 307 


1. True 2. True 3. False 4. False 
120mi _ 120 mi . 
5. Shr = > i = 60 mi/hr 


6 3 =] 
x6 = 453 
x6 493 
6 6 
x=2 


4 313 35 59 2 1 8 25 
7.3 8% 98 109 1.3 12.4 138 142 
15.7 16.7 17.4% 18.2 19. 60.75 mi/hr, or 60.75 mph 


20. 48.67km/h 21. 13m/sec 22. 16.17 ft/sec 

23. 27in./day 24. About 0.909 free throw made/attempt 
25. 11.611¢/oz 26. 49.917¢/0z 27. Yes 28. No 

29. No 30. Yes 31.12 32.40 33.9 34, 35 
35.2.2 36. 4.32 37.3 38. G,orl6; 39 Yes; every 


‘ . b ‘ 
ratio 5 can be writtenas—. 40. By making some sketches, we 


see that the rectangle’s length must be twice the width. 

41. The student’s approach will work. However, when we use the 
approach of equating cross products, we eliminate the need to 
find the least common denominator. 42. The instructor thinks 
that the longer a student studies, the higher his or her grade will 
be. An example is the situation in which one student gets a test 
grade of 96 after studying for 8 hr while another student gets a 
score of 78 after studying for 65 hr. This is represented by the 


ti 96 78 
roportion — = —. 
prop 8 64 


Translating for Success, p. 314 


1.N 21 3A 4K 5.53 6F 7M 8B 
9G 10.E 


Exercise Set 5.4, p. 315 


RCI. : rc2. 2 RB. ° rca. 2 


m 6 


1. 11.04hr 3. 7680frames 5. (a) About 112 gal; 

(b) 3360 mi = 7.: 254.89 million, or 254,890,000 9. 175 bulbs 
11. About 262 mgevery8hr 13. 2975ft? 15. 450 pages 

17. 13,500 mi 19. 880 calories 21. 60 students 

23. 64cans 25. 9.75 gal 27. 1000z 29. 90 whales 

31. 58.1 mi 33. (a) 42.25 euros; (b) $10,224.85 

35. (a) 25 games; (b) About 23 goals 37. 162 38. 4014 
39.445 40.04 41.143 42.0.26 43. di 44, 3 

45. 17 positions 47. 2150 earnedruns 49. CD player: $150; 
receiver: $450; speakers: $300 


Exercise Set 5.5, p. 324 

RC1.5 RC2.8 RC3.a RCA. 3 

1.25 3.3,0r1f 5.x=%or6sy=9 Dxe=75;y =72 
91.25m 11. 36ft 13.7ft 15. 100ft 174 19. 103 
2.x =6;y = 5.25; =3 23. x = S54, or5.3;y = 43, 074.6; 
z=54,0r53 25. 20ft 27. 152ft 29. Prime 

30. Composite 31. 2+2-2-101,or2°-101 32. 3-31 

33.= 34.4 35. < 36.< 37. Bor3}; 38. 26.29 
39.127 40.75 41. 13.75ft 43. 1.25cm 45. 3681.437 
47. x ~ 0.35;y = 0.4 


Summary and Review: Chapter 5, p. 328 


Vocabulary Reinforcement 


1. quotient 2. shape 3. crossproducts 4. rate 
5. proportion 6. price 


Concept Reinforcement 
1. True 2. True 3. False 4. True 


Study Guide 


1.2% 2.3 3.$7.50/hr 4. A: 9.964¢/0z; B: 10.281¢/oz; 
BrandA 5. Yes 6.3% 7.175mi_ 8. 21 


Review Exercises 
12,480 16,640 
1. #4 2. in 3. in 4. Se 5. (a) {6640> OF a (b) 39120 


or} 6.5% 7% 8. 36mpg 9. 6300 revolutions /min 


10. 0.638 gal/ft? 11. 6.33¢/tablet 12. 19.542¢/oz 

13. 14.969¢/0z; 12.479¢/0z; 15.609¢/0z;480z 14. Yes 

15. No 16.32 17.7 18. a 19. 24 20. 27 defective 
circuits 21. (a) 311.50 Canadian dollars; (b) 40.13 U.S. 
dollars 22. 832mi 23. About 394movies 24. About 
37,565,761 Ib 25. About $69.83 26. About 4308 lawyers 


27.x= Ford} 28. x = Borlley = 8 or123 
29. 40ft 30.x=3;y =4orl0sz=%,0r75 31. B 
32. C 33. 1.806¢/sheet; 1.658¢/sheet; 1.409¢/sheet; 6 big rolls 


34. x = 4258.5; z ~ 10,094.3 35. Finishing paint: 11 gal; 
primer: 16.5 gal 


Understanding Through Discussion and Writing 

1. In terms of cost, a low faculty-to-student ratio is less expen- 
sive than a high faculty-to-student ratio. In terms of quality of 
education and student satisfaction, a high faculty-to-student ratio 
is more desirable. A college president must balance the cost and 
quality issues. 2. Yes; unit prices can be used to solve propor- 
tions involving money. In Example 3 of Section 5.4, for instance, 
we could have divided $90 by the unit price, or the price per 
ticket, to find the number of tickets that could be purchased 

for $90. 3. Leslie used 4 gal of gasoline to drive 92 mi. At 

the same rate, how many gallons would be needed to travel 368 
mi? 4. Yes; consider the following pair of triangles. 


1 1 
Chapters4-5 - A-9 


Two pairs of sides are proportional, but we can see that x is 
shorter than y, so the ratio of x to y is clearly not the same as the 
ratio of 1 to 1 (or 2 to 2). 


Test: Chapter 5, p. 333 

1. [51a] 2. [Sdajf 3. [51b] 4 4. [5.1b] 3 

5. [5.2a] 0.625 ft/sec 6. [5.2a] 1 ¢servings/Ib 

7. [5.2a] 32 mpg __ 8. [5.2b] About 15.563¢/0z 

9. [5.2b] 16.475¢/0z; 13.980¢/o0z; 11.490¢/0z; 16.660¢/0z; 100 oz 
10. [5.3a] Yes 11. [5.3a] No 12. [5.3b] 12 

13. [5.3b] 360 = 14. [5.3b] 42.1875 15. [5.3b] 100 

16. [5.4a]1512km 17. [5.4a]4.8min 18. [5.4a] 525 mi 
19. [5.5a] 66m 20. [5.4a] (a) 13 hats; (b) 30 packages 
21. [5.4a] 320 calories 22. [S.5a]x = 8 y = 88 

23. [5.5b] x = 4 or 4.8;y = ¥%, or 6.4;z = 12 

24, [5.2a] C 25. [5.4a] 5888 marbles 


Cumulative Review: Chapters 1-5, p. 335 

1. [4.2a] 513.996 2. [3.5a]63 3. [3.2a] 4 

4. [4.2b] 30.491 5. [4.2b] 72.912 6. [3.3a] a 

7. [4.3a] 222.076 8. [4.3a] 567.8 9. [3.6a] 3 

10. [4.4a] 43 11. [1.5a] 899 12. [2.7b]? 

13. [1.1b] 3 ten thousands + 0 thousands + 0 hundreds + 

7 tens + 4 ones, or 3 ten thousands + 7 tens + 4 ones 

14. [4.1a] One hundred twenty and seven hundredths 

15. [4.1c] 0.7 16. [4.1c] 0.8 17. [2.1d] 2-2-2+2+3-3, or 2*-3” 
18. [3.1a]90 19. [2.3a]2 20. [2.5b]3 21. [4.5c] 5.718 
22. [4.5c] 0.179 23. [5.1a]$2 24. [5.3a] Yes 

25. [5.2a]55m/sec 26. [5.2b] 8-oz can 27. [5.3b] 30.24 
28. [4.4b] 26.4375 29. [2.7c]§ 30. [5.3b] 128 

31. [4.2c] 33.34 32. [3.3c] 7X 33. [2.6b] 390 cal 

34, [5.4a] 7 min 35. [3.5c]2}cups 36. [2.7d] 12 doors 
37. [4.7a], [5.2a] 42.2025 mi 38. [4.7a] 132 orbits 

39. [2.1c]D 40. [5.2a] B41. [5.5a] 105 ft 


CHAPTER 6 


Calculator Corner, p. 340 
1.0.14 2. 0.00069 3. 0.438 4, 1.25 


Exercise Set 6.1, p. 341 

RC1. right RC2. left CC1. 43% 
CC3. 19%  CC4. 50% 

1. 3 90 X 743 90 X 0.01 3. F395 12.5 & hy 12.5 x 0.01 
5.0.67 7. 0.456 90.5901 11.01 13.001 15.2 
17. 0.001 19. 0.0009 21. 0.0018 23. 0.2319 

25. 0.14875 27. 0.565 29.047 31. 0.13 33. 0.17; 
0.067; 0.062; 0.055 35.47% 37.3% 39. 870% 

41. 33.4% 43.75% 45.40% 47. 0.6% 49. 1.7% 
51. 27.18% 53. 2.39% 55. 76% 57. 31.9%; 19.0% 
59. 62%; 49%; 38% 61. 0.083; 0.456; 0.1; 0.269; 0.092 

63. 180 64.2°3-3-5 65.2% 66.97 67. 50% 

69. 70% 71. 20% 


CC2. 86% 


Calculator Corner, p. 345 


1.52% 2. 38.46% 3. 110.26% 4. 171.43% 5. 59.62% 
6. 28.31% 


Exercise Set 6.2, p. 349 

RC1. (c) RC2. (e) RC3. (a) RCA. (f) 

CCL. 0.5%, 2%, 5%, 0.2,3,5  CC2. 4%, 4%, 164%, F, 0.54, 1.6 
1.41% 3.5% 5.20% 7.30% 9 50% 

11. 87.5%, or 875% 13. 80% 15. 66.6%, or 663% 


A-10 - Answers 


17. 16.6%, or 165% 19. 18.75%, or 183% 21. 81.25%, 
or 814% 23. 16% 25.5% 27.34% 29. Beef: 48%; 
chicken: 15% 31.2% 33.24% 35.5% 37. x 39. 


con 


4.4 43.: 45.75 47. ps 49.98 51. 38 
53.2 555 S57. me 595 Ol. 63.73; 65. a 
67. 2 69. 500 
71. : : 
Fraction | Decimal | Percent 
Notation | Notation | Notation 
5 0.125 | 12.5%, or 124% 
7 0.16 16.6%, or 163% 
1 0.2 20% 
: 0.25 25% 
3 03 33.3%, or 334% 
2 0.375 | 37.5%, or 374% 
2 0.4 40% 
é 0.5 50% 
73. 


Fraction | Decimal | Percent 
Notation | Notation | Notation 


0.5 50% 


3 0.3 


33.3%, or 335% 
4 0.25 25% 


0.16 16.6%, or 165% 


aI 


0.125 | 12.5%, or 125% 
0.75 15% 


0.83 83.3% , or 835% 
0.375 | 37.5%, or 375% 


Ho | Din | B/bo | co] 


75.70 76.5 77.400 78.18.75 79. #8, or 23.125 

80. 31, 0r 25.5 81. 2,014.5 82. Zor8.75 83. 18; 84. 73 
85.3 86.47 87. 88.5 «89. (90. 

91. 257.46317% 93. 1.04142857 


Calculator Corner, p. 356 


1. $5.04 2.0.0112 3.450 4. $1000 5. 2.5% 
6. 12% 


Exercise Set 6.3, p. 357 

RC1. (c) RC2. (ce) RC3. (f) RC4. (d) RCS. (b) 
RC6. (a) CCl. (ce) CC2. (c) CC3. (f) CCA. (b) 
1a =32% X78 3.89=pxX99 5.13 =25% Xb 

7. 234.6 9.45 11. $18 13.1.9 15.78% 17. 200% 
19. 50%  21.125% 23.40 25. $40 27.88 29. 20 
31. 6.25 33. $846.60 35. 1216 37. ij, OT te 

38. ig Org 39.0.3 40.0017 41.7 42.8 

43. $10,000 (can vary); $10,400 45. $1875 


Exercise Set 6.4, p. 363 

RC1. (b) RC2. (ec) RC3. (c) RC4. (f) RCS. (d) 
RC6, (a) CCL. (b) | CC2. (d 

Loga=4 32. HR 8B GHZ 7.684 9. 462 

11. 457.6 13. 2.88 15. 25% 17. 102% 19. 25% 

21. 93.75%, or 933% 23. $72 25.90 27. 88 29. 20 
31. 25 33. $780.20 35.200 37.8 38.4000 39, 15 
40. 2074 41. 2qt 42.5T 43. $1170 (can vary); $1118.64 


Mid-Chapter Review: Chapter 6, p. 365 
1. True 2. False 3. True 4.5% = Siw = m0 
5. io = i = 8% «= 6. 5.5% = FR = = SO 

7. 0.375 = He = 32 = 375% 


8. 15 = p X 80 9. 0.28 10. 0.0015. 
15 _ p_X 80 
a ~ 80 
a = P 
0.1875 = p 
18.75% =p 
11. 0.05375 12.2.4 13. 71% 14. 9% 15. 38.91% 
16. 18.75%, or 183% 17. 0.5% 18. 74% 19. 600% 


20. 83.3%, or 833% 21.35 22. cin 23. 9 «24.4 

25. 62.5%, or 625% 26.45% 27.58 28. 16.6%, or 163% 
29. 2560 30. $50 31. 20% 32. $455 

33. 0.05%, 0.1%, 5%, 1%, 5%, 10%, in, 0.275, 3,5 34D 35.B 
36. Some will say that the conversion will be done most accurately 
by first finding decimal notation. Others will say that it is more 
efficient to become familiar with some or all of the fraction and 
percent equivalents that appear inside the back cover and to make 
the conversion by going directly from fraction notation to percent 
notation. 37. Since 40% + 10 = 4%, we can divide 36.8 by 10, 
obtaining 3.68. Since 400% = 40% X 10, we can multiply 36.8 by 
10, obtaining 368. 38. Answers may vary. Some will say this is 
a good idea since it makes the computations in the solution easier. 
Others will say it is a poor idea since it adds an extra step to the 
solution. 39. They all represent the same number. 


Translating for Success, p. 374 


1.J 2M 3N 4E 5G 6H 720 8C 
9.D 10.B 


Exercise Set 6.5, p. 375 


RC1. $10, decrease, a 20%  RC2. $15, increase, $60" 227 
$120 $1600 


RC3. $120, increase, $360° 334% RC4. $1600, decrease, $400» 40% 
1. 7831 liver transplants; 3193 heart transplants 3. $46,656 

5. 140 items 7. About 940,000,000 acres 9. $36,400 

11. 74.4 items correct; 5.6 items incorrect 13. $34,194 

15. About 15.1% 17. $230.10 19. About 18.9% 

21. Alcohol: 43.2 mL; water: 496.8 mL 

23. Air Force: 24.2%; Army: 36.4%; Navy: 25.3%; Marines: 14.1% 
25.5% 27.15% 29. About 28.8% 31. 1977 to 1987: 51.7%; 
2007 to 2017: 3.9% 33. About 23.0% 35. About 9.9% 


37. About 50.9% 39. 34.375%, or 343% 41. Change: 
44,148 permits; percent decrease: about 41.9% 43. Change: 
7874 permits; percent increase: about 12.6% 45. About 17.7% 


47. 2.27 48.044 49.3% 50.3; 51. $42 


Exercise Set 6.6, p. 386 


RC1. rate RC2. rate RC3. price RC4. tax RCS. tax 
1. $9.56 3. $6.66 5. $11.59; $171.39 7.4% 9. 3% 

11. $11,300 13. $130.32 15. $1423.10 17. $451.26 

19. $2625 21.12% 23. $185,000 25. $5440 27. 15% 
29. $355 31. $30;$270 33. $2.55; $14.45 35. $125; 
$112.50 37. 40%; $360 39. $300;40% 41. $849; 21.2% 
43.18 44.2% 45. 265.625 46.115 47. 4,030,000,000,000 
48. 5,800,000 49. 42,700,000 50. 6,090,000,000 

51. $17,700 


$15 


Calculator Corner, p. 392 
1. $16,357.18 2. $12,764.72 


Exercise Set 6.7, p. 395 
RC1. b year RC2. 3% year RC3. Syear RCA. p year 


RCS. j year RCO. Syear CCI. $14.23. CC2. $177.90 
1. $8 3. $113.52 5. $462.50 7. 671.88 9. (a) $147.95; 
(b) $10,147.95 11. (a) $84.14; (b) $6584.14 13. (a) $46.03; 
(b) $5646.03 15. $441.00 17. $2207.63 19. $7853.38 
21. $99,427.40 23. $4080.40 25. $28,225.00 27. $9270.87 
29. $129,871.09 31. $4101.01 33. $1324.58 35. Interest: 
$20.88; amount applied to principal: $4.69; balance after payment: 
$1273.87 37. (a) $98; (b) interest: $86.56; amount applied to 
principal: $11.44; (c) interest: $51.20; amount applied to 
principal: $46.80; (d) At 12.6%, the principal is reduced by 
$35.36 more than at the 21.3% rate. The interest at 12.6% is 
$35.36 less than at 21.3%. 39. 800 40. 2-2-3-19 


4. 35 42.2 43.3% 44. 55 45.55 46.3 47. 9.38% 


Summary and Review: Chapter 6, p. 399 


Vocabulary Reinforcement 


1. percent decrease 2. simple 
5. rate 6. percent increase 


Concept Reinforcement 
1. True 2. False 3. True 


Study Guide 
1. 8.2% 2. 0.62625 3. 63.63%, or 6377% 4. 5 


5. 4.16%, or 45% 6. 10,000 7. About5.3% 8. 6% 
9. $185,000 10. Simple interest: $22.60; total amount due: 
$2522.60 11. $6594.26 


3. discount 4. sales 


Review Exercises 

1.170% 2.65% 3.0.315 4. 0.133; 0.067 

5. 37.5%, or 375% 6. 33.3%, or 333% =. & 

8.73) 9. 30.6 = p X 90;34% 10. 63 = 84% X b; 75 

11. a = 385% X 168; 64.68 12. 7h = 88:70 

13. 5 = 7 140% 14. fj = 48.82 15. 178 students; 
84students 16.44% 17. 2500mL 18.12% 19. 92 
20. $24 21.6% 22.11% 23. About 18.3% 24. $42; $308 
25. 14% 26. $1050 27. $36 28. (a) $394.52; 

(b) $24,394.52 29. $121 30. $7575.25 31. $8388.61 

32. (a) $129; (b) interest: $100.18; amount applied to principal: 
$28.82; (c) interest: $70.72; amount applied to principal: 
$58.28; (d) At 13.2%, the principal is decreased by $29.46 more 
than at the 18.7% rate. The interest at 13.2% is $29.46 less than 
at 18.7%. 33. A 34.C 35. 66.6%, or 663% 

36. About 19% 


Understanding Through Discussion and Writing 


1. A 40% discount is better. When successive discounts are 
taken, each is based on the previous discounted price rather 
than on the original price. A 20% discount followed by a 22% 
discount is the same as a 37.6% discount off the original 

price. 2. Let S = the original salary. After both raises 

have been given, the two situations yield the same salary: 
1.05-1.1S = 1.1-1.05S. However, the first situation is better for 
the wage earner, because 1.1S is earned the first year when a 
10% raise is given while in the second situation 1.05S is earned 
that year. 3. No; the 10% discount was based on the original 
price rather than on the sale price. 4. For a number n, 40% 
of 50% of n is 0.4(0.5n), or 0.2n, or 20% of n. Thus, taking 40% 
of 50% of a number is the same as taking 20% of the number. 
5. The interest due on the 30-day loan will be $41.10 while that 
due on the 60-day loan will be $131.51. This could be an argu- 
ment in favor of the 30-day loan. On the other hand, the 60-day 
loan puts twice as much cash at the firm’s disposal for twice as 
long as the 30-day loan does. This could be an argument in favor 
of the 60-day loan. 6. Answers will vary. 


Chapters 5-6 A-11 


Test: Chapter 6, p. 405 

1. [6.1b] 0.319 2. [6.1b] 38% 3. [6.2a] 137.5% 4. [6.2b] 3 
5. [6.3a, b] a = 40% +55;22 6. [6.4a, b] wi = &. 81.25% 

7. [6.5a] Private health insurance: $1.06 trillion; Medicaid: $0.54 
trillion 8. [6.5a] About 524 at-bats 9. [6.5b] 4.9% 

10. [6.5a] 59.7% 11. [6.6a] $25.20; $585.20 12. [6.6b] $630 
13. [6.6c] $40; $160 14. [6.7a] $8.52 15. [6.7a] $5356 

16. [6.7b] $1110.39 17. [6.7b] $11,580.07 18. [6.5b] Home 
health aides: 1,261,900, 38.1%; wind turbine technicians: 4800, 109.1%; 
kindergarten and elementary teachers: 1,517,400, 5.8%; electricians: 
714,700, 13.7% 19. [6.6c] $50; about 14.3% 

20. [6.7c] Interest: $36.73; amount applied to principal: $17.27; 
balance after payment: $2687 21. [6.3a, b], [6.4a, b] B 

22. [6.6b] $194,600 23. [6.6b], [6.7b] $3794.77 


Cumulative Review: Chapters 1-6, p. 407 

1. [1.8a] 251,454 2. [6.1b] 26.9% 3. [6.2a] 112.5%, or 1125% 
4, [4.5a]2.16 5. [5.la]%,or4? 6. [5.2a] 2E*, or 23.3 km/hr, 

or 23¢km/hr 7. [2.5c], [3.3b] < 8. [2.5c], [3.3b] < 

9. [1.6b], [4.6a] 296,200 10. [1.6b], [4.6a] 50,000 11. [1.9d] 13 
12. [4.4c] 1.5 13. [3.5a] 34, 14. [4.2a] 49.74 

15. [1.2a] 515,150 16. [4.2b] 0.02 17. [3.5b]= 18. [3.3a] 4 
19. [2.6a]4 20. [1.4a] 853,142,400 21. [4.3a] 1.38036 

22. [3.6b] 15 23. [4.4a] 12.25 24. [1.5a] 123 R5 

25. [1.7b] 95 26. [4.2c] 8.13 27. [2.7c]9 28. [3.3c] 4 


29, [5.3b] 40 30. [5.3b] 2° 31. [6.5a] About 

1,275,000 visitors 32. [1.8a] $66,360 33. [5.4a] About 

50 games 34. [4.7a] $84.95 35. [5.2b] 7.495 cents/oz 

36. [3.2b], [3.5c] $mi, or 13 mi 37. [5.4a] 60 mi 

38. [6.7b] $10,378.47 39. [3.6c] 5 pieces 40. [6.5b] Percent 
increase: 34.0%; 282,700 physical therapists 41. [3.3a] C 

42. [6.5b] A 43. [6.3b], [6.4b] 200% 


CHAPTER 7 


Exercise Set 7.1, p. 415 


RC1. False RC2. False RC3. True RC4. False 
CC1. True CC2. True CC3. False CC4. True 

CCS. False 

1. 92° 3. 108° 5. 85°, 60%; 90°, 40%; 100°, 10% = 7. :90° 
andhigher 9. 30% andhigher 11. 90% — 40% = 50% 
13. 483,612,200 mi 15. Neptune 17. 11 Earth diameters 
19. 300 calories 21. Yes 23. 410mg 25. White rhino 
27. About 2000 rhinos 29. There are about six times as many 
white rhinos as greater one-horned rhinos. 31. $1270 per 
person 33. 1950 and1970 35. $1532.70 per person 

37. (a) 15% less; (b) $2003.51 more per person 39. 6% 

41. 166,400 students 43. Canada 


Exercise Set 7.2, p. 424 

RC1. True RC2. True RC3. False RC4. True 
CC1. No CC2. Yes CC3. Yes CC4. No 

1. 190 calories 3. 1 slice of chocolate cake with fudge 
frosting 5. 1 cup of premium chocolate ice cream 

7. About 125 calories 9. Miniature tall bearded 

11. 16in.to26in. 13. Tallbearded 15. 25 in. 

17. Computer and information sciences, mathematics and 


statistics 19. About 25,000 more degrees 
21. Cost of Living Index 


Chicago 
Denver 


New York City 


City 


Juneau 
Indianapolis 


San Diego 


Salt Lake City 
eae scenes SP Ye PLC VT 
80 90 100110 120 130 140 150 160 170 180 190 


Cost of living index 


A-12 - Answers 


23. Denver and Indianapolis 25. 68.9 27. New York City 
29. New York City, Chicago, and Los Angeles 31. $42 

33. June to July, September to October, and November to 
December 35. About $900 37. 20 years 39. About $450 
41. About 120($1200) = $144,000 

43. Longevity 


estimated to live beyond 65 


Average number of years men are 


1980 1990 2000 2010 2020 2030 
Year 


45. 25%  47.10.1% 48. 83 49. 
52. 6.348 53.7.2 54.80 55. 0. 
58.17.26 59% 60. 45 


Exercise Set 7.3, p. 437 


RC1. statistic RC2. mean RC3. weight RC4. mode 
CCl. (ec) CC2. (f) CC3. (a) CC4. (c) CCS. (d) 
CC6. (c) 

1. Minimum: 3; maximum: 38; range:35 3. Minimum: 5; 
maximum: 112; range: 107 5. Minimum: 2; maximum: 3; range: 1 
7. Mean: 3,262,500 visitors; median: 2,150,000 visitors; 

mode: 1,100,000 visitors 9. Mean: 21; median: 18.5; mode: 29 
11. Mean: 21; median: 20; modes: 5,20 13. Mean: 5.38; 
median: 5.7;no mode exists 15. Mean: 239.5; median: 234; 
mode: 234. 17. 36mpg 19.2.7 21. Mean: $4.19; 

median: $3.99; mode: $3.99 23.90 25. 263 days 

27. (a) Jefferson County: $133,987; Hamilton County: $146,989; 
(b) Jefferson County 29. (a) 1.3675 billion tickets; 

(b) 1.33375 billion tickets; (ec) 2006 to 2013-31. First quartile: 
10; second quartile: 15; third quartile: 28 33. First quartile: 2.5; 
second quartile: 6; third quartile: 10.5 35. Minimum: 62; 

first quartile: 77; median: 82; third quartile: 90; maximum: 98 
37. Minimum: 1.1; first quartile: 2.7; median: 3.3; third 

quartile: 3.8; maximum: 4.0 39, 225.05 40. 126.0516 

4M. % 42.8 43.a=30;b=58 45. $6950 


Mid-Chapter Review: Chapter 7, p. 441 
1. True 2. True 3. False 
4. Orestes pts = M= 54 


5. 2.1, 4.8, 6.3, 8.7, 11.3, 14.5; 6.3 and 8.7; 3487 = = 7.5; 
the medianis 7.5. 6. 


s S0.cy 51s. 2:26 


9 56. 150% 57. 21 


Do Not Call Registry Complaints 
6 if 


n 5 


4 


Nu 


Number of complaints 
received (in millions) 
. we 


2004 =2007 «2010-2013. 2016 
Fiscal year 


7. About 783% 8. Peyton Manning 9. About 45 touchdown 
passes 10. About 5 more touchdown passes’ 11. About 

45 touchdown passes 12. Minimum: 2; maximum: 96; 
range:94 13. Mean: 83; median: 45; mode: 29 14. Mean: 
18.45; median: 13.895; no mode exists 15. Mean: é; 

median: 3; no mode exists 16. Mean: 126; median: 116; no 
mode exists 17. Mean: $6.09; median: $5.24; modes: $4.96 and 
$5.24 18. Mean: oh median: % no mode exists 19. Mean: 6; 
median: 7; modes:5 and7 20. Mean: 38.2; median: 38.2; no 
mode exists 21. Minimum: 3; first quartile: 4; median: 8; third 
quartile: 14; maximum: 16 22. Yes. At an average speed of 

20 mph, the trip would take 15 hr (30 mi + 20 mph = 15hr). 
But the driver could have driven at a speed of 75 mph for a 

brief period during that time and at lower speeds for the 
remainder of the trip and still have an average speed of 20 mph. 


23. Answers may vary. Some would ask for the average salary 
since it is a center point that places equal emphasis on all the 
salaries in the firm. Some would ask for the median salary since 
it is a center point that deemphasizes the extremely high and 
extremely low salaries. Some would ask for the mode of the 
salaries since it might indicate the salary the applicant is most 
likely to earn. 


Exercise Set 7.4, p. 450 


RC1. True RC2. True RC3. False RC4. True 
RCS. True CCl. 35.4%  CC2. 16.8% 
i Winner Frequency 
Stan Wawrinka 3 
Rafael Nadal 3 
Novak Djokovic 6 
Marin Cilic 1 
Andy Murray 1 
Roger Federer 2 
a: Number | Frequency 
0 e) 
2 1 
4 7 
| 3 
6 4 
7 at 
5. Tally 
Class Marks Frequency 
$49,000-$49,999 I} 2 
$50,000-$50,999 Wt II 7 
$51,000-$51,999 WM 5 
$52,000-$52,999 WW WM 10 
$53,000-$53,999 
$54,000-$54,999 
$55,000-$55,999 | 1 
7 1411 9.263 11. 11.7% 13. 49.6% 
15. 6.25% 17. 8% 19. 81.25% 


21. (a) Minimum: 4.6%; maximum: 7.6%; range: 3.0%; 


(b) 6.1% 23. South America 25. 16,760 ft 
27.3 |22233446677899 
41/0369 
507 
Key: 3|2 = 320m 
29.2 | 7 
3 
4}011233344455588889999 
5|}00122233445557899 
6}/000233456 
7101 


Key: 2|7 = 27°F 
31. About 19 games 33. 70-79 and 130-139 35. 42 states 
37. The median is greater than 66% and less than 75%. 


39. 


Frequency 
Boy ow e Ua na 


3 4 
Number 


5 


41. Tuition for the 25 Most Expensive Colleges 


10 


8 


6 


Frequency 


2 
fs 
s 
tae 
res 

dl 
43. i009 
49. 15% 


53. 


2 
oS 


7 
Sa 
SES 

& 3 


44. 25 


a > 
SS 
8 


45. 2. 


Ss Ss 2 
PM S 
oy adel eto 


Annual tuition 


58 


46. 4 
51. Minimum: 8%; first quartile: 18%; median: 22%; 
third quartile: 25%; maximum: 29% 
South America 


14 
15 
16 
17 
18 
19 
20 


987776542111] 21 
86321110) 22 


Key: 14 | 8 = 14,800 ft 


47. 35 


North America 


8 8 
03489 
2445 
01247 
05 

> 

3 


Translating for Success, p. 461 


1.D 2.B 
9 L 10.M 


Exercise Set 7.5, p. 462 
RC2. (c) 
CC1. (a) 2; (b) 52; (c) S 


1. Red 
< Blue 
Green 


Outcomes: Red, Blue, Green 


= 
— 


RC1. (a) 


3. 


3.J 4. 


K 


i 
26 


Red 
Blue 
Green 


Red 
Blue 


en 


5. I 


RC3. (b) 
CC2. (a) 1; (b) 52; (ce) 5 


6.F 7N 


RC4. (d) 


Outcomes: H, Red; H, Blue; H, Green; 
T, Red; T, Blue; T, Green 


5. 24 outcomes 7. 4 or 0.16 9. 4, or 0.5 
3.4 14.4 1% 1.4 21.3% 
24, 25.0% 25. 4,010.25 27. x 


36 


23. 52.3% 


-—E 


29. (a) 4; (b) }; (3 


Chapters 6-7 


A-13 


Summary and Review: Chapter 7, p. 465 


Vocabulary Reinforcement 


1. table 2. circlegraph 3. pictograph 4. mode 
5. mean 6. median 


Concept Reinforcement 
1. False 2. True 3. True 


Study Guide 


1. Mean: 8; median: 8; mode:8 2. Quaker Organic Maple 

& Brown Sugar; $0.54 per serving 3.12g 4. Arrowhead 
Stadium 5. About $1350 million more 6. Minimum: 2; first 
quartile: 6; median: 32; third quartile: 61.5; maximum: 85 7. F 


Review Exercises 


1.38.5 2.1.86 3. $16.67 4.14 5.5.3 6. $17 
7.26 8. 1land17 9.20 10. 28mpg = 11. 3.1 

12. 58% 13. Poland, Ukraine, Mexico, and India 

14. Ukraine 15.34% 16. Room and board 

17. $4830 18. $70,000-$89,000 19. About 22 governors 
20. May 21. About 150 tornadoes 22. About 175 more 
tornadoes 23. In the spring 

24. First-Class Postage 


Cost of first-class 
postage (in cents) 


fv o_O WINNS oA 
SSS ES 
Year 
25. First-Class Postage 


50 
i6 BR © a ie ie 


Cost of first-class 
postage (in cents) 


2001 2003 2005 2007 2009 2011 2013 2015 2017 
Year 


26. 1998 27. About 10,000 children 28. 2004 and 2010 
ae es about 11,000 —. 


Blue < 
< 10 
< 
White ae 
10 
Outcomes: Blue, 2; Blue, 5; Blue, 6; Blue, 10; 
White, 2; White, 5; White, 6; White, 10 
31. 110 teachers 32. 12teachers 33. 30% 
34. Minimum: 2.4 Ib; first quartile: 5 lb; median: 7.55 Ib; third 


quartile: 11.05 lb; maximum: 20.5 Ib 


A-14 : Answers 


35. 2/4 
3/0 1 
4/6 
5} 4 
6/3 
71/4 5 6 
8/6 8 
9 
10 
11;0 1 
12 
13) 5 
14 
15 
16 
17 
18 | 9 
19 
2015 
Key: 2|4=2.4 
36. Vegetable Consumption 
6 
J 
a a 
= of 
iB 
s Ss Rail s re a 
Per capita vegetable consumption in 2015 
(in pounds) 


37.5 38.4 39%A 40.D 41. a = 316,b = 349 


Understanding Through Discussion and Writing 


1. The equation could represent a person’s average income 
during a 4-year period. Answers may vary. 2. Bar graphs 

that show change over time can be converted to line graphs. 
Other bar graphs cannot be converted to line graphs. 3. One 
advantage is that we can use circle graphs to visualize how the 
numbers of items in various categories compare insize. 4. A 
bar graph is convenient for showing comparisons. A line graph 
is convenient for showing a change over time as well as to indi- 
cate patterns or trends. The choice of which to use to graph a 
particular set of data would probably depend on the type of data 
analysis desired. 5. The mean, the median, and the mode 

are “center points” that characterize a set of data. You might 
use the mean to find a center point that is midway between the 
extreme values of the data. The median is a center point that is 
in the middle of all the data. That is, there are as many values 
less than the median as there are values greater than the median. 
The mode is a center point that represents the value or values 
that occur most frequently. 6. Circle graphs are similar to bar 
graphs in that both allow us to tell at a glance how items in vari- 
ous categories compare in size. They differ in that circle graphs 
show percents whereas bar graphs show actual numbers of items 
in a given category. 


Test: Chapter 7, p. 471 Cumulative Review: Chapters 1-7, p. 475 


1. [7.1a] 179 Ib 2. [71a] 5 ft 3 in., medium frame 1. [4.3b] 1,400,000,000 2. [7.3b] 28 mpg _ 3. [1.1a] 5 hundreds 
3. [7.la]9Ib 4. [7.1a] 32 Ib 5. [7.1b] Spain 4. [1.9c] 128 5. [2.1a] 1, 2,3, 4,5, 6, 10, 12, 15, 20, 30, 60 
6. [7.1b] Norway and the United States 7. [7.1b] 900 Ib 6. [4.1d] 52.0 7. [3.4a] 3 8. [4.3b] $2.10 9. [6.2a] 35% 


8. [7.1b] 1000 1b 9. [7.2c] 2005 10. [7.2c] 2009 


7 
11. [7.2c] 10 hurricanes 12. [7.2c] 10 more hurricanes Pa Ne: | Ata ey -he> ance 


13. [7.2c] 8hurricanes/year 14. [7.2c] 2005, 2010, 2012 13. [3.3a]3 14. [4.2b] 325.43 2: (3.6al 15 

15. [7.2b] Library Books Checked Out 16. [1.4a] 2,740,320 17. [2.7b] a 18. [3.4b] 43615 
Be i. 19. [5.3b] 92 20. [2.7c]3 24. [4.4b] 6.8 22. [1.7b] 15,312 
3 350 vs 23. [5.2b] 20.6¢/oz 24. [6.5a] 3324 students 25. [3.6c] syd 
5200 fren 26. [2.6b] ¢cup 27. [4.7a] 6.21b 28. [1.8a] 4080 billion kWh 
© ool oe gan 29. [6.5a] 4.8%; 0.2% 30. [6.5b] About 12.9% 
~ 150 31. [3.2b], [3.3d] ; 32. [5.4a] 1122 defective valves 


33. [4.7a] $61.55 34. [6.6b] 7% 35. [7.3b, c] About 
Ss 8 sf ss » » - $1.02 billion; $0.745 billion 
ee ‘ * 36. [7.2b] Video Game Revenue 


Day 
16. [7.2d] Library Books Checked Out 


= 
s 
Retail revenue of the 
US. video game industry 
(in billions) 
an 


Number of books 
3 


2S Ee Ge Ae 
150 123 45 67 8 9 1011 12 


Number of months after July 2016 


S SF sf ss at uss of 37. [7.2d] 


S oe Video Game Revenue 
SOF Oe er OS 
SP Le e oe < x 


Day 


17. [7.3b] 49.5 18. [7.3b] 2.6 19. [7.3b] 15.5 

20. [7.3c, d] 50.5; no mode exists 21. [7.3c, d] 3; 1 and3 
22. [7.3c, d]17.5;17 and18 23. [7.3b] 76 24. -[7.3b] 2.9 
25. [7.3e] Minimum: 0.7%; first quartile: 0.8%; median: 1.0%; 
third quartile: 1.3%; maximum: 1.5% 

26. [7.4b] 017 78 8 8 9 9 9 T2345 67 8 9 1011 12 


Number of months after July 2016 
PID eee Be eA 38. [6.5b], [7.3b] 12% decrease 
Key: 0|7 = 0.7% 


Retail revenue of the 
US. video game industry 
(in billions) 


27. [7.4] Tally CHAPTER 8 
Class | marks | Frequency . 
07-09 | WH II F Exercise Set 8.1, p. 481 
— RC1. 12. RC2. 5280 =RC3. 36 =RC4. 5280 = RCS. 3 
1L0-1.2 | Ill 4 RC6. 12. CCI. (a) CC2. (b) 
1.3-1.5 | WM 5 1.612 3.45 5.5280 7.108 %7 IL 1,0rl5 
13. 26,400 15. 54,0r5.25 17.3; 19. 37,488 
28. [7.4c] Interest Rates 1 1 3 
8 21. 1j,0r1.5 23. 1j,0r1.25 25.110 27.2 29. 300 


31.30 33. % 35. 126,720 37. 2988 39. ain 
40.7 41. 0.0612 42.004 43.1% 44. #4 
45. ee or pe 33, or aa 46. ae. Le 47. Length: 5400 in., or 


Frequency 
s 


0.7-0.9 1.0-1.2 13-15 2 
Interest rate (in percent) Exercise Set 8.2, p- 489 
RC1. < RC2. > RC3. < RC4. < RCS. > 
29. [7.4a] 18 students 30. [7.4a] 24% RC6. < CCI. left. CC2. right 
31. [7.5a] H 1. (a) 1000; (b) 0.001 = 3. (a) 10; (b) 0.1 5. (a) 0.01; (b) 100 


a 7. 6700 9.0.98 11. 8.921 13. 0.05666 15. 566,600 
T 17. 4.77. 19. 688 21.0.1 23. 100,000 25. 142 

H 27. 0.82 29. 450 31. 0.000024 33. 0.688 35. 230 
<x 37. 3.92 39. 48,440; 48.44 41. 4000; 400 


White 


43. 0.027; 0.00027 45. 169,046; 16,904.6 47. 0.234 


a 48. 0.0234 49. 13.8474 50. 804 51. 66.6%, or 663% 
a e 52. 62.5%, or 625% 53.2 54.5 55.1.0m 57. 18cm 
ec 
T Exercise Set 8.3, p. 492 
Outcomes: White, H; White, T; Black, H; RCl. < RC2.> RC3.< RC4.> = RCS. < 
Binck Ted, By Red, RC6. > CCI.) CC2. ©) 
32. [7.5] x 33. [7.5b]B 34. [7.3b,c]a = 74,b = 111 1. 100.65 3. 727.4394 5. 104.585 7. 289.62 9. 112.63 


11. 9.14 13. 85.0392 15. 541.68 17. 6.18 
19. 1376.136 = 21. 0.51181 


Chapters 7-8 A-15 


yd cm in. m mm 


23. 0.2361 21.59 8 0.2159 215.9 
25. | 52.9934 4844 1907.0828 | 48.44 48,440 


27. 4 365.6 144 3.656 3656 


29. | 0.000295 0.027 
31. 55,247 


0.0106299 | 0.00027 0.27 
5,050,000 | 1,988,892 | 50,500 | 50,500,000 


33. 49,120,000 34. About $5.91 million 


35. lin. = 25.4mm 37. 23.4mph 
Mid-Chapter Review: Chapter 8, p. 495 
1. False 2. True 3. False 4. True’ 5. True 


6. 16; yd = 163 X lyd = ¥ x 3 ft = SOft 

7. 13,200 ft = 13,200 ft x oa = 2.5 mi 

8. 520mm = 520mm X jan = 0.52 m X 7, = 0.00052 km 
9. 10,200 mm = 10,200mm x j@Ba ~ 10.2m x P= 


1m 


33.4662 ft 10.9680 11.70 12.2.405 13. 0.00015 
14, 22,680 15.1200 16. 60,000 17.850 18.5 
19. 1251 20. 52,800 21. 180,000 22. 84,000 23. 700 
24.0.4 25. 0.8009 26.10 27. 19,200 28. 100 
29. 0.000000001 30. 400,000 31. 760,320 32. 118.116 
33. 0.8 34. 2.285 35. 60 36. 0.0025 
37. lyd 24,000 dm 

144 in. 1320 yd 

2400 m 2400 mm 

0.75 mi 9 in. 

24m 0.024 km 

240 cm 12 ft 


38. 3.5 ft, 2 yd, 100 in., i mi, 1000 in., 430 ft, 6000 ft 
39. 150 hm, 13 km, 310 dam, 300 m, 33,000 mm, 3240 cm, 250 dm 
40. 5 ft, 65cm,2yd,2.5m,1.5mi,3km 41. The student should 
have multiplied by hh (or divided by 12) to convert inches to feet. 
The correct procedure is as follows: _ 

23 in. = 23in. X GL = BE X 1 ft 

=§XEX1ft =% x lft = Pet 

42. Metric units are based on tens, so computations and 
conversions with metric units can be done by moving a decimal 
point. American units, which are not based on tens, require 
more complicated arithmetic in computations and conversions. 
43. A larger unit can be expressed as an equivalent number 
of smaller units. Thus, when converting from a larger unit to a 
smaller unit, we can express the quantity as a number times one 
of the larger unit and then substitute the equivalent number of 
smaller units for the larger unit. When converting from a smaller 
unit to a larger unit, we multiply by 1 using one larger unit in 
the numerator and the equivalent number of smaller units in 
the denominator. This allows us to “cancel” the smaller unit, 
leaving the larger unit. 44. Answers may vary. 


Exercise Set 8.4, p. 501 

RC1. True RC2. False RC3. True RC4. False 
RCS. False RC6. True CCl. right CC2. left 
1.2000 3.3 5.64 7.12,640 9.01 11.5 
13. 127,145tons 15.1000 17.10 19 i or 0.01 


21. 1000 =23. 10 25. 234,000 27.5.2 29. 6.7 

31. 0.0502 33. 8.492 35. 58.5 37. 800,000 39. 1000 
41. 0.0034 43. 0.0603 45. 1000 47. 0.325 49. 210,600 
51. 0.0049 53. 125mcg 55. 0.875 mg; 875 mcg 


57. 4tablets 59% 8cc 61.5 62.3 63. 54 64. 35 
65.% 66.% 67.2 68.2% 69. 187,200 70. About 
324 students 71. $24.30 72. 12% 73. 14 boxes 

75. (a) 3367.8 g; (b) 118.8 oz 


A-16 : Answers 


Exercise Set 8.5, p. 508 


RC1. cups) RC2. pints RC3. pints RC4. fluid ounces 
CCl. True CC2. True CC3. True CC4. True 
CC5. False CC6. False 1. 1000;1000 3. 87,000 5. 0.049 
7. 0.000401 9. 78,100 11.320 13.10 15. 32 
17.20 19.14 21. 88 

gal qt pt cups Oz 
23. 1.125 4.5 9 18 144 
25. 16 64 128 256 2048 
27. 0.3984375 1.59375 3.1875 6.375 51 
29. 
31. 
33. 
35. 2000mL =37. 0.32L 839. 59.14mL 41. 500 mL 
43. 125mL/hr 45.9 47. ; 49. 6 51.15 53. 45.2% 
54. 99.9% 55. 33.3%, 0r 333% 56. 66.6%, or 665 % 
57. 55% 58. 105% 59. 88% 60.8% 61. About 


$21,156 million, or $21.156 billion 62. About 68% 
63. 1.75 gal/wk; 7.5 gal/month; 91.25 gal/year; 81.75 million gal/day; 
29.8388 billion gal/year 65. $1.002/L 


Calculator Corner, p. 513 
1. 41°F 2. 122°F 3. 20°C 


Exercise Set 8.6, p. 514 
RC1. (a) RC2. (c)_ RC3. (a), (b) RCA. (b), (0), (d) 
CC1. —10°C = CC2. 200°F = CC3. 100°F CC4. 0°C 
1.24 3.60 5.365; 7.0.05 982 411. 6.5 
13. 10.75 15. 336 17.4.5 19.56 21. 86,164.2 sec 
23. 77°F 25. 104°F =. 27. 186.8°F =. 29. 136.4°F = 311. 35.6°F 
33. 41°F 9-35. 5432°F_ = 37. 30°C. 39. 55°C. 4. 831.1°C 
43. 60°C 45. 20°C 47. 6.6°C §3=— 49. 37°C 511. 53.3°C 
53. (a) 56.7°C = 134°F; 131°F = 55°C; (b) 3°F = 55. 56 R 11 
56. 0.00803. 57. 2.475 58. 338 59. 4.05 60. #,orli 

=z 62. 3 63. About 0.03 year 65. About 31,688 years 
25 


4. 45°C 


a 
Ps 
Oulw 


Translating for Success, p. 519 


lLlE 2H 30 4A 5G 6C 2M 8.1 
9. K 10. N 


Exercise Set 8.7, p. 520 

RC1. True RC2. False RC3. True RC4. False 

RCS. True RC6. True CCl. (f) CC2. (b) 

1.144 3.640 5. is 7.198 9. 396 11. 12,800 

13. 27,878,400 15.5 17.1 19 ae or 0.0015625 

21. 25,792 23. 37 25. 5,210,000 27.140 29. 23.456 
31. 0.085214 33. 2500 35. 0.4728 37. $240 38. $212 
39. (a) $220.93; (b) $6620.93 40. (a) $37.97; (b) $4237.97 
41. 10.76 43. 1.67 45. 10,657,311 ft? 


Summary and Review: Chapter 8, p. 522 


Concept Reinforcement 

1. True 2. False 3. True 4. False 5. False 6. False 
Study Guide 

1. 4, or2},0r2.3 2. 13,200 3. 1200 4. : 0.000046 

5.10.94 6.5.14 7. 0.00978 8.64 9. 42.67 10.1 

11. 154.4°F 12. 40°C 13.9 = 14. 5240 


Review Exercises 
1.2% 2.30 3.0.03 4.0.004 5.72 6. 400,000 


7.1% 8.015 9. 218.8 10. 32.18 11. 10; 0.01 

12. 305,000; 30,500 13.112 14. 0.004 15. 4, or 0.26 
16. 0.464 17.180 18. 4700 19. 16,140 20. 830 

21. 4,0r0.25 22. 0.04 23. 200 «24. 30 ~=—-.25. 0.0007 

26. 0.06 27. 1600 28.400 29. 1.25 30.50 31. 160 
32.7.5 33.135 34.60 35. 0.0302 36. 5.25 

37.6mL 38. 3000mL = 339. 250 mcg = 40. 80.6°F = 41. 113°F 
42. 20°C = 43. 35°C.-— 44. 36 45. 300,000 3946. 14.375 

47. 0.06 48.C 49. B 50. 17.54sec 51. 1 gal = 128 02, 
so 1 oz of water (as capacity) weighs mee Ib, or about 0.0652 Ib. 
An ounce of pennies weighs x Ib, or 0.0625 1b. Thus, an ounce of 
water (as capacity) weighs more than an ounce of pennies. 


Understanding Through Discussion and Writing 


1. Grams are more easily converted to other units of mass than 
ounces. Since 1 gram is much smaller than 1 ounce, masses 

that might be expressed using fractional or decimal parts of 
ounces can often be expressed by whole numbers when grams 
are used. 2. A single container is all that is required for both 
types of measure. 3. Consider the table on p. 487 in the text. 
Moving one place in the table corresponds to moving the decimal 
point one place. To convert units of length, we determine the 
corresponding number of moves in the table and then move the 
decimal point that number of places. Since area involves square 
units, to convert units of area, we multiply the number of moves 
in the table on p. 487 by 2 and move the decimal point that num- 
ber of places. 4. Since metric units are based on 10, they are 
more easily converted than American units. 

5. (a) 23°C = 73.4°F, so you would want to play golf. 

(b) 10°C = 50°F, so you would not want to take a bath. 

(c) Since 0°C = 32°F, the freezing point of water, the lake 
would certainly be frozen at the lower temperature of —10°C, 
and it would be safe to go ice skating. 6. 1m ~ 3.281 ft, so 

1 square meter ~ 3.281 ft X 3.281 ft = 10.764961 square feet. 
1lyd = 3ft,so 1 square yard = 3 ft X 3 ft = 9 square feet. Thus, 
one square meter is larger than 1 square yard. 


Test: Chapter 8, p. 527 


1. [81a] 48 2. [8.1a]4 3. [8.2a] 6000 4. [8.2a] 0.87 

5. [8.3a] 182.8 6. [8.3a] 1490.47. [8.2a] 5;0.005 8. [8.2a] 
1854.2: 185.42 9. [8.5a] 3.08 10. [8.5a]240 11. [8.4a] 64 
12. [8.4a] 8220 13. [8.4b] 3800 14. [8.4b] 0.4325 

15. [8.4b] 2.2 16. [8.6a] 300 17. [8.6a] 360 18. [8.5a] 32 
19. [8.5a] 1280 20. [8.5a]40 21. [8.4c]370 22. [8.6b] 35°C 
23. [8.6b] 138.2°F 24. [8.3a] 1.094; 100; 39.370; 1000 

25. [8.3a] 36,377.2; 14,328; 363.772; 363,772 26. [8.5b] 2500 mL 
27. [8.4c] 1500 mcg 28. [8.5b] About 118.28mL 29. [8.7a] 1728 
30. [8.7b] 0.0003 31. [8.6b]D 32. [8.3a] About 39.33 sec 


Cumulative Review: Chapters 1-8, p. 529 


1. [4.3b] 40,400,000; 74,100,000 2. [5.2a] 29mpg 3. [4.2b], 
[4.3b] About 1.794 billion bushels 4. [6.5b] About 16.7% 

5. [1.4a] 50,854,100 6. [2.6a] 4 7. [4.5c] 15.2 8. [3.6b] 3 
9. [4.4a] 35.6 10. [3.5b]2 11. [2.2a] Yes 12. [2.2a] No 
13. [2.1d])3-3-11 14. [3.1a]245 15. [4.5b] 35.8 16. [4.1a] 
One hundred three and sixty-four thousandths 17. [7.3b, c| 
17.83;17.5 18. [6.1b] 8% 19. [6.2a]60% 20. [8.1a] 6 

21. [8.4a] 0.375, or3 22. [8.6b] 59 23. [8.5a] 87 24. [8.6a] 


0.15,or# 25. [8.2a]0.17 26. [8.3a] 3539.8 27. [8.5a] 2 
28. [8.4c] 230 29. [8.7a] 108 30. [4.4b] 150.5 31. [1.7b] 
19,248 32. [2.7c] 4-33. [3.3c] & 34. [3.2b], [3.4a] 1} hr 
35. [4.3b], [4.7a] 16,177,740,000 lb 36. [4.7a], [5.2a] 

255.8 mi; 15.9875 mpg 37. [6.6b] $16,125 38. [6.7b] $2388.10 
39, [5.4a] 83 1b 40. [2.6b] $13,200 41. [6.5a] Yes 

42. [8.4a] 240 0z 43. [1.8a] 60 dips 44. [3.5c], [3.6c] About 25 
or 26 dips 45. [4.7a] $179.40 46. [4.7a] $121.50 47. [2.7c] 3 


CHAPTER 9 


Exercise Set 9.1, p. 535 


RC1. closed RC2. perimeter RC3. perimeter 

RC4. square 1.17mm 3. 15.25in. 5.18km_ 7. 30ft 
9. loyd 11. 88ft 13.182mm 15. 27ft 17. 122cm 
19. (a) 228 ft; (b) $1046.52 21. $19.20 22. $96 23. 1000 
24. 1331 25.225 26. 484 27.49 28.64 29. 5% 
30. 11% 31. 64in. 


Exercise Set 9.2, p. 542 
RCL. (b) RC2. (©) RC3. (a) - RCA. (d) 
CCl. 528 in? 


CC2. » 15 cm? 


3cm 


1. 15km’ 3. 14in® 5. 6tyd? 7. 81008? 9, SO ft? 
11. 169.883 cm? 13. 412in? 15. 484 ft? 17. 3237.61 km? 
19. 282 yd? 21. 32cm? 23. 60in? 25. 104 ft? 

27. 45.5in? 29. 8.05cm2 31. 297cm? 33. 7? 

35. 1197 m? 37. 39,825 ft? 39. (a) 630.36 ft?; (b) $7879.50 
41. (a) 819.75 ft; (b) 3 gal; (c) $104.85 43. 80cm? 

45. 675cm2 47. 21cm? = 49. 144 ft? 51. 234-52. 230 
53. 336 54.24 55.0.724 56. 0.0724 57. 2520 
58.6 5928 60.225 61.12 62. 46,252.8 

63. $30,474.86 64. $266,753.80 65. $101,522.21 

66. $429,610.21 67. 16,914 in? 


Calculator Corner, p. 550 


1. Left tothe student 2. Left to the student 


Exercise Set 9.3, p. 552 


RC1. radius RC2. circumference RC3. circumference 
RC4. area CCl. (c) CC2. (a). 14. cm; 44 cm; 154 cr’ 
3. 15in.; 43in.; 1%in? 5. 16 ft; 100.48 ft; 803.84 ft? 7. 0.7 em; 
4.396 cm; 1.5386cm? 9. 94.2 ft 11. About 55.04 in’ larger 
13. About 7930.25 mi; about 3965.13 mi 15. Maximum 
circumference of barrel: 8 7; in.; minimum circumference of 
handle: 28 in. 17. 65.94yd? 19. 45.68 ft 21. 26.84 yd 
23. 45.7 yd 25. 100.48m? =. 27. 6.9972 cm? 29. 64.4214 in” 
31. 38mpg 32. 0.40z 33. 51b 34. $730 35. 43,560 ft”; 
1311.6 ft; $599.96 37. 43,595.47395 ft”; 739.9724 ft; $449.97 

39. 43,560 ft”; 844 ft; $449.97 


Mid-Chapter Review: Chapter 9, p. 557 


1. False 2. True 3. True 4. False 5. True 
-(10 ft + 3 ft) 7, A =4-12cm-8cm 

+ (13 ft) A= 8 

A= Bom, or 48 cm 


= 
v 


Il 
Wee NNN 

ox 

> 


~ 
BBOQe2zAa Vv 
Ill 


~ 3.14- 10.2 in. 
= 32.028 in.; 


~ 314-51 in.-5.1in. 
= 81.6714 in’ 


9. 76mm 


Chapters 8-9 . A-17 


10. P = 503 ft; A = 1603 ft? 11. 800in’ §=:12. A yd? 

13. 66km’ 14. C = 43.96 in.; A = 153.86 in? 

15. C = 27.004cm; A = 58.0586cm? 16. Area of a circle 

with radius 4 ft: 16+ 7 ft?; Area of a square with side 4 ft: 16 ft; 

Circumference of a circle with radius 4 ft: 8+ 7 ft; Area of a rect- 

angle with length 8 ft and width 4 ft: 32 ft?; Area of a triangle 

with base 4 ft and height 8 ft: 16 ft”; Perimeter of a square with 

side 4 ft: 16 ft; Perimeter of a rectangle with length 8 ft and width 

4ft:24ft 17. The area of a 16-in.-diameter pizza is approxi- 

mately 3.14-8 in. +8 in., or 200.96 in’. At $16.25, its unit price is 
$16.25 

200.96 in? 

is approximately 3.14-5 in. 5 in., or 78.5 in’. At $7.85, its unit 


, or about $0.08 /in’. The area of 10-in.-diameter pizza 


7.85 
price is a or $0.10/in’. Since the 16-in.-diameter pizza has 
5S in 


the lower unit price, itis a better buy. 18. No; let / and w 
represent the length and the width of the smaller rectangle. Then 
3+/ and 3+w represent the length and the width of the larger 
rectangle. The area of the first rectangle is /- w, but the area 
of the second is 3-/-3-w = 3-+3-+1-w = 9-/-w, or 9 times the 
area of the smaller rectangle. 19. Yes; let s represent the 
length of a side of the larger square. Then 55 represents the length 
of a side of the smaller square. The perimeter of the larger 
square is 4-s, and the perimeter of the smaller square is 
4. 5s = 2s, or 5 the perimeter of the larger square. 
20. For a rectangle with 21. See p. 539 of the text. 
length / and width w, 22. No; let r = radius of the 
P=Il+wt+l+w smaller circle. Then its area 
= (1+ w)+(1 + w) is w+r-+r, or mr. The radius 
=2:(1+ w). of the larger circle is 2r, and 
We also have its area is 7+ 2r-2r, or 4zr?, 
P=l+w+t+l+w or 4: zr”. Thus, the area of 
= (1+ 1)+(w + w) the larger circle is 4 times 


=2:1+2:w. the area of the smaller circle. 
Exercise Set 9.4, p. 564 
RC1. (b) RC2. (a) RC3. (c) RC4. (d) CCI. (c) 
CC2. (c) 1. 768cm*> 3. 45in 35. 75m 7, 3574 yd° 
9. 803.84in? 11. 353.25cm? 13. 41,580,000 yd? 


15. 4,186,6663 in? 17. 124.72m> 19. 1950705 ft? 

21. 113,982 ft? 23. 24.64em> = 25. Byd?—-27. 4747.68 cm? 
29. 904 ft? 31. About 77.7in? 33. 5832 yd? 35. 152,321 m* 
37. 32,993,440,000 mi? 39. 6cm by 6cm by 6 cm 

41. (a) About 1875.63 mm’; (b) about 11,253.78 mm? 


43. 1064 mi> 44. 24,360 mi* = 45. 260.4 ft 46. 1087.8 mi? 
47. 3540.68 km? 49. 0.477 m? 

Exercise Set 9.5, p. 575 

RC1. (f) RC2. (i) RC3. (a) RC4. (ec) RCS. (b) 
RC6. (j) RC7. (c) RC8. (h) RC9. (d) RC10. (g) 


1. Angle GHI, angle IHG, 2GHI, ZIHG, or 2H — 3. 10° 


5. 180° 7. 130° +9. Obtuse 11. Acute 13. Straight 
15. Obtuse 17. Acute 19. Obtuse 21. 79° 23. 23° 
25. 32° 27. 61° 29. 177° 31. 41° 33. 95° 


35. 78° 37. Scalene; obtuse 39. Scalene; right 

41. Equilateral; acute 43. Scalene; obtuse 

45. 46° 47. 120° 49. 58°51. 2.7125 52. 85 

53.% 54.3 55.27 56.840 57% 58% 

59. m 22 = 67.13°;m 23 = 33.079; m 24 = 79.8°;m Z5 = 67.13° 
61. m ZACB = 50°;m ZCAB = 40°; m ZEBC = 50°; 

m ZEBA = 40°;m ZAEB = 100°;m ZADB = 50° 


Calculator Corner, p. 579 


1.666 2.198 3.19 4.245 5.121.2 6. 85.4 


A-18 : Answers 


Translating for Success, p. 582 


1K 2G 3B 4H 50 6M 72E 8A 
9.D 10.1 


Exercise Set 9.6, p. 583 
RC1. True RC2. False RC3. True RC4. False 
CC1. Legs: 16 and 30; hypotenuse: 34 CC2. Legs: 1 and 6; 


hypotenuse: V37— «CC. Legs: V1 and V7; hypotenuse: 
2V22 CC4. Legs: 10 and 2V39; hypotenuse: 16 1. 10 


3.21 5.25 7.19 9.23 11.100 13. 6.928 

15. 2.828 17. 4.243 19. 2.449 21. 3.162 23. 8.660 
25.14 27. 13.528 29. c = V34;c ~ 5.831 31. c = V98; 
c~ 9899 33,.a4=5 35.b=8 37.c=26 

39.b=12 41. b = V1023;b ~ 31.984 43.c=5 


45. V8450 ft ~ 91.9ft 47. V644ft = 25.4 ft 

49, V34,541m =~ 185.9m 51. V211,200,000 ft ~ 14,532.7 ft 
53. 1000 54.100 55. 100,000 56. 10,000 57.3 

58. 982 59. The areas are the same. 


Summary and Review: Chapter 9, p. 586 


Vocabulary Reinforcement 


1. parallel 2. perimeter 3. radius 4. supplementary 
5. scalene 6. hypotenuse 

Concept Reinforcement 

1. True 2. True 3. True 4. True 

Study Guide 


1. 27.8 ft; 46.74 ft? 2. 15.5m? 3. 8.75 ft? 4. 80m’ 

5. 37.68in. 6. 616cm* 7. 1683.3m*> 8. 304 f° 

9. 1696.537813 cm? —- 10. 26.49375 ft? +11. Complement: 52°; 
supplement: 142° 12. 87° 13. V208 ~ 14.422 


Review Exercises 


1. 23ft 2.44m 3. 228 ft;2808ft? 4. 36 ft; 81 ft? 
5.17.6cm;12.6cm’ 6. 22.5m’ 7. 29.64yd?— 8. 88m” 

9. 1452in? 10. 840 ft? «1. 8m 12. Hin. or 1p in. 

13. 14ft 14.20cm 15. 50.24m 16. 8in. 17. 200.96m 
18. Sj;in’ 19. 1038.555 ft? 20. 93.6 yd? 21. 193.2 cm? 
22. 31,400 ft? 23. 33.493cm> 24. 4.71 in? = 25. 942 cm? 
26. 26.28 ft?; 20.28 ft 27. 54° 28. 180° 29. 140° 30. 90° 
31. Acute 32. Straight 33. Obtuse 34. Right 

35. 49° 36. 136° 37. 60° 38. Scalene 39. Right 

40.8 41.9110 42. c = V850;c ~ 29.155 

43. b = V51;b ~ 7.141 44. c = V89ftic ~ 9.434 ft 

45. a = Vi6cm:a ~ 8.718cm 46. About 17.9 ft 

47. About 13.42 ft 48. About 85.9ft 49. B 50. B 

51. 100 ft” 52. 7.83998704m? 53. 47.25 cm? 


Understanding Through Discussion and Writing 


1. Add 90° to the measure of the angle’s complement. 

2. This could be done using the technique in Example 7 of 
Section 9.4. We could also approximate the volume with the 
volume of a rectangular solid of similar size. 3. Show that 
the sum of the squares of the lengths of the legs is the same as 
the square of the length of the hypotenuse. 

4. Divide the figure into 3 triangles. 


The sum of the measures of the angles of each triangle is 180°, so 
the sum of the measures of the angles of the figure is 3 - 180°, or 
540°. 5. The volume of the cone is half the volume of the dome. 
It can be argued that a cone-cap is more energy-efficient since 
there is less air under it to be heated and cooled. 6. Volume of 


two spheres, each with radius r: 2(¢ar?) = Sarr? volume of one 


sphere with radius 2r: $7(2r)? = ?ar. The volume of the sphere 
with radius 27 is four times the volume of the two spheres, each 


: : 3 
with radius r: Zar? = 4-8ar?, 


Test: Chapter 9, p. 594 

1. [9.1a], [9.2a] 32.82 cm; 65.894cm? 2. [9.1], [9.2a] 

195in.; 234 in? 3. [9.2b] 25cm? 4. [9.2] 12 m* 

5. [9.2b] 18 ft? 6. [9.3a] fin. 7. [9.3a]9cm 8. [9.3b] fin. 
9. [9.3c] 254.34cm? 10. [9.3] 65.46 km; 103.815 km? 

11. [9.4a] 84cm? 12. [9.4e] 420 in? ~—- 13. [9.4b] 1177.5 ft? 

14. [9.4c] 4186.6 yd? 15. [9.4d] 113.04cm? 16. [9.5a] 90° 
17. [9.5a] 35°18. [9.5a] 180° 19. [9.5a] 113° 20. [9.5b] 
Right 21. [9.5b] Acute 22. [9.5b] Straight 23. [9.5b] 
Obtuse 24. [9.5e] 35° 25. [9.5d] Isosceles 26. [9.5d] 
Obtuse 27. [9.5c] Complement: 25°; supplement: 115° 

28. [9.6a] 15 29. [9.6b] 9.327 30. [9.6c]c = 40 31. [9.6c] 
b = V60;b ~ 7.746 32. [9.6c]c = V2;c ~ 1.414 33. [9.6c] 
b = V51;b ~ 7.141 34. [9.6d] About 15.8m 35. [9.4c] D 
36. [8.la], [9.2a] 2 ft? 37. [8.1a], [9.2b] 1.875 ft? 38. [8.1a], 
[9.4a] 0.65 ft? 39. [8.1a], [9.4d] 0.033 ft? 40. [8.1a], [9.4b] 
0.055 ft? 


Cumulative Review: Chapters 1-9, p. 597 

1. [4.3b] 2,780,000; 1,820,000 2. [9.4e] 93,750 1b 3. [3.5a] 44 
4, [4.2b] 87.52 5. [1.5a] 1234 6. [1.9c] 1565 7. [4.5c] 49.2 
8. [1.9d] 2 9. [4.1b]) 72% 10. [6.2b] 711. [3.3b] < 

12. [2.5c] = 13. [8.5a]3 14. [8.6a] 3, 15. [8.6b] 59 

16. [8.5a] 87 17. [8.7a]27 18. [8.2a] 0.17 _ 19. [3.3c] § 
20. [5.3b] 45 21. [4.4b] 113.4 22. [5.3b] 142 23. [9.1a], 
[9.2b] 380 cm; 5500 cnr 24. [9.3a, b, c] 70 in.; 220 in; 3850 in’ 
25. [9.4c] 179,6665in® 26. [7.3b] 99 27. [6.7a] $84 

28. [6.7b] $22,376.03 29. [9.6d]17m 30. [6.6a] 6% 

31. [3.5c]2¢yd 32. [4.7a] $37.42 33. [5.2b] The 8-qt box 
34. [2.6b] >km 35. [9.5e] 30° 36. [9.5d] Isosceles 

37. [9.5d] Obtuse 38. [81a], [9.4b] 94,200 ft? 39. [8.1a], 
[9.4a] 1.342 ft? 


CHAPTER 10 


Exercise Set 10.1, p. 606 

RC1. True RC2. False RC3. True CCl. H CC2.E 
Cc3. J CC4.D CC5.B CC6.G 1. 24; -2 

3. 7,200,000,000,000; —460 5. 2073; —282 


7. 10 9, 552 
3 -—++-+-++-+-+-++-+ 
t te —6-5-4-3-2-10123456 


3 6 
; . 0.83 15. -116 17.04 19. -0. 
21. -8.28 23.> 25.< 22< 2.< 31> 33. < 
35. > 37.< 3%< 41.< 43.3 45.18 47. 325 
49. 3.625 51.3 53. 4or0 55.2+3-17 56. 2-2+5+13, 
or 2+5+13 57, 2+2+2+2+2+3+3-3,0r2+33 59. < 


Calculator Corner, p. 611 
1.13 2.-8 3. -134 


Exercise Set 10.2, p. 612 


RC1. add, negative RC2. subtract, negative 

RC3. opposites RC4. identity CCl1. right, right 

CC2. left, left CC3. right, left CC4. left, right 

i=—7 3-6 5.0 %=-8 9-7 1-27 13.0 


15.-42 17.0 19.0 21.3 23.-9 25.7 27.0 
29.35 31. -38 33.-81 35.-1 37.-§ 39. -3 
4.-3 43.4 45.-63 47.38 49.37 51. 50 
53. -24 55. 26.9 57.-8 59.4 61. -43 63. 4 
65.24 67.3 69.72 70.96 71. 1344 72. 252 
73. Allnegative 75. positive 


Exercise Set 10.3, p. 617 


RC1. opposite RC2. opposite RC3. difference CCl. (c) 
CC2. (b) CC3. (d) CCA. (a) 

1.-4 3.-7 5.-6 70 9-4 IL. -7 13. -6 
15.0 17,11 19-14 21.5 23. -7 25. —-5 

27. -3 29, —23 31. -68 33. -73 35.116 37. —28 
39.-; 41% 43.-% 45.3 47.199 49, -9 

51. -0.01 53. -2.7 55. -353 57.-5 59.$ 61. —% 
63. —7 «65. 37s: 67. 62, 69.6 += 71. 107-73. 219 

75. 3780m 77. —3° 79. Profit of $4300 81. $347.94 

83. 13,796 ft above sealevel 85. 86.150 87. 8 cans 
88. 288 0z 89. True 91. True 93. True 95. True 


Mid-Chapter Review: Chapter 10, p. 620 

1. True 2. False 3. True 

4, -4> —(—4) = 4 -(-*) =—(-(-4)) = -(4) = 4 
§.5-13=5 + (-13) = 
7. 450;-79 8. =35 


10.2.3 11. 0.3125 12. -3.75 13.< 14.< 


15.> 16.> 17.156 18.18 1%0 20.2 
21.5.6 22.-{ 23.0 24.49 25.19 26. 2.3 
27.-2 28.-; 29.0 30.-17 31.-}; 32. -81 
33. -9 34.-2 35.-104 36.16 37.5 38. -12 
39.-4 40.-} 41.-18 42.13 43.9 44, -23 


45.75 46.14 47. 33°C 48. $54.80 49. Answers may 
vary. Three examples are 4 —23.8, and . These are rational 


. a 
numbers because they can be named in the form re where a and b 


are integers and b is not 0. They are not integers, however, 
because they are not whole numbers or the opposites of whole 
numbers. 50. Answers may vary. Three examples are 7, — V7, 
and 0.31311311131111.... Rational numbers can be named 

as described in Exercise 49 above. Real numbers that are not 
rational are irrational. Decimal notation for rational numbers 
either terminates or repeats. Decimal notation for irrational 
numbers neither terminates nor repeats. 51. Answers may 
vary. If we think of the addition on the number line, we start at 
a negative number and move to the left. This always brings us to 
a point on the negative portion of the number line. 52. Yes; 
consider m — (—n), where both m and n are positive. Then, 

m —(-n) =m +n.Nowm + n, the sum of two positive 
numbers, is positive. 


Exercise Set 10.4, p. 624 

RC1. negative RC2. positive RC3. positive 

RC4. negative CCl.1 CC2.-1 CC3.1 CC4. -1 
1.-16 3.-24 5.-72 7.16 9.42 11. -120 

13. -238 15.1200 17.98 19. -12.4 21. 24 

23. 21.7 25. -2 27.7% 29-1701 31.-3 33. 420 
35.5 37.-60 39150 41.-% 43.1911 45. 50.4 
47.73 49. -960 51.17.64 53. —7; 55. —30,240 
57.530 58. 4 «6— 59. 8) 0. 45 S61. 3.106 62. 206.31 
63. 0.4375 64. 1440 65. (a) One must be negative and one 
must be positive. (b) Either or both must be zero. (c) Both must 
be negative or both must be positive. 


Translating for Success, p. 632 


1.1 2C 3F 4L 5B 60 7A 8D 
9.H 10.M 


Chapter9 A-19 


Exercise Set 10.5, p. 633 

RC1. opposites RC2.1 RC3.0 RC4. reciprocals 
CC1l.0 CC2.1 CC3.0 CC4.0 CC5.1 

1.-6 3-13 5.-2 724 9%-8 112 13. -12 
15. -8 17, Notdefined 19-9 21. - 23.4 
25.-3% 27.3 29 31. 33.-2 35.3% 

37, 16.2 39. Notdefined 41. 38°F 43. $12.71 


45. 32m belowsea level 47. The percent increase is about 43%. 


49. The percent decrease is about3%. 51. —-7 53. —7 

55. —334 57.14 59.1880 61.12 63.8 65. —86 
67.37 69-1 71. -10 73. —67 75. —7988 

77. —3000 79.60 81.1 83.10 85. -8 87. —3 
89. 96.6cm? 90. Mean: 28; median: 34; mode: 40 91. i710 
92. 4% 93. —-159 95. Negative 97. Negative 

99. Positive 


Summary and Review: Chapter 10, p. 636 


Vocabulary Reinforcement 


1. reciprocals, multiplicative 2. integers 3. absolute 
4. rational 5. real 6. opposites, additive 7. irrational 


Concept Reinforcement 
1. True 2. False 3. True 


Study Guide 
1. -0.625 2.< 3. (a)17; (b)§ 4. -9.5 5. 14 
6. -90 723 8. -12 


Review Exercises 

1. 620;-125 2.38 3.73 4.3 5.-02 6. -1.75 
7. -0.83 8. —0.416 9. —0.27 

10. -2.5 11. 8 


8 
: boa : 7 

24.-4 25. -5 26.4 27. -i 28. —7.9 29. 54 

30. -9.18 31. -% 32. -210 33. -7 34. -3 

35.3 36. -62 37.-5 38.2 39. -180 40. —$360 

41. $4.64 pershare 42. 8-yd gain 43. The percent increase 

isabout 64%. 44. A 45. B 46. 403 and 397 

47. (a) —7 + (—6) + (—5) + (-4) + (-3) + (—2) + (-1) + 

O0+14+24+3+4+5+6+7+8= 8; (b)0 

48. Consider reciprocals and pairs of products of negative 


numbers. The product is—1. 49. -} 50. —2.1 


Understanding Through Discussion and Writing 


1. We know that the product of an even number of nega- 

tive numbers is positive, and the product of an odd number of 
negative numbers is negative. Since (—7)* is equivalent to the 
product of eight negative numbers, it will be a positive number. 
Similarly, since (—7)!! is equivalent to the product of eleven 
negative numbers, it will be a negative number. 2. Yes; the 
numbers 1 and —1 are their own reciprocals: 1-1 = 1 and 
—1(-1) =1. 3. Jake is expecting the multiplication to be 
performed before the division. 
the temperature in Circle City was 23°F. By 11 p.m., the tempera- 
ture had dropped 32°F. What was the temperature at 11 p.m.? 


Test: Chapter 10, p. 641 

1. [10.1d]< 2. [101d] > 3. [101d] > 4. [10.14] < 

5. [10.1c] -0.125 6. [10.1c] -0.4 7. [10.1c] —0.18 

8. [10.le]7 9. [10.le]? 10. [10.1e] -2.7. 11. [10.2b] —3 
12. [10.2b] 1.4 13. [10.2b] 8 

14, [10.1b] ~02 


A-20 : Answers 


4. Answers will vary. At 4 P.M., 


16. [10.5b] 4 17. [10.2a] -1.6 18. [10.2a]-8 19. [10.2a]% 
20. [10.3a] 10 21. [10.3a] -2.5 22. [10.3a]2 23. [10.4a] — 
24. [10.4a]% 25. [10.5a]-9 26. [10.5c]# 27. [10.5c] —9.728 
28. [10.5e] 109 29, [10.3b]2244m 30. [10.3b] Up 15 pts 
31. [10.3b], [10.5d] 16,080 32. [10.5d] —0.75°C each minute 
33. [10.2b]D 34. [10.1e], [10.3a] 15 35. [10.3b] 2385 m 

36. (a) [10.3a] —4, —9, -15; (b) [10.3a] —2, —6, -10; 

(c) [10.3a] —18, —24, -31; (d) [10.5c] —0.25, 0.125, —0.0625 


Cumulative Review: Chapters 1-10, p. 643 


1. [6.1b] 0.263 2. [10.-1c] —0.45 3. [8.4b] 834 

4. [8.7b] 0.0275 5. [10.1e] 4.5 6. [5.2a] 12.5 m/sec 

7. [9.3a, b, c] 35 mi; 220 mi; 3850 mi?_—8. [9.6a] 15 

9. [9.6b] 8.307 10. [10.2a]8 11. [10.3a] — 

12. [10.4a] — 13. [10.5a]3 14. [7.1b] Dairy farmer 

15. [7.1b] 40 hr 16. [4.3a] 0.01485 17. [1.4a] 9,640,500,000 
18. [10.3a] — 2 19. [3.5b]12 20. [10.2a] 32.49 

21. [10.5c]-{ 22. [10.3a] -3 23. [10.4a] -4 

24. [10.5e] -57.5 25. [10.5e] Not defined 

26. [6.3b], [6.4b] 87.5% 27. [6.3b], [6.4b] 32 

28. [4.7a] $526.66 29. [9.4b] 307.72cm? 30. [7.3b] 44.5° 
31. [6.5a] 78 students 32. [9.2c] 6902.5m’ 33. [3.5c] 2 4 cups 
34. [1.8a], [7.3b] $239,441; $59,860.25 35. [4.7a] 4.55 km 

36. [7.2d] Car Sales 37. [3.7c] 104 


Cars sold 


38. [3.7c] 12 39. [3.7c] 115 40. [3.7c] 1384 41. [9.5e] 120° 


CHAPTER 11 


Calculator Corner, p. 648 
1.-6 2-19 39 4,12 


Exercise Set 11.1, p. 652 


RC1. Division RC2. Multiplication RC3. Multiplication 
RC4. Division CC1.5 CC2.7 CC3.8 CC4. d 
1.42 3.3 5.-1 76 9-20 11. 240; 240 

13. 160;160 15.25+10 17.7-—7t 19. 30x + 12 

21. qx + 28 + 42y 23. —-7Ty +14 25. 45x + 54y — 72 
27. 3x — fy —3z 29. -3.72x + 9.92y — 3.41 31. 2(x + 2) 
33. 5(6 + y) 35. 7(2x + 3y) 37. S(x + 2 + 3y) 

39. 8(x —3) 41. 4(8-—y) 43. 2(4x + 5y — 11) 

45. —6(3x + 2y — 1), or 6(—3x —2y +1) 47. 19a 

49. 9a 51. 8x+9z 53. -19a+88 55. 4¢+ 6y—4 

57. 8x 59.5n 61. -l6y 63. 17a — 12b-1 

65. 4x + 2y 67. x t+hy +12 69. 0.8x + O.5y 

71. 30 yd; 94.2 yd; 706.5 yd?-72. 16.4 m; 51.496 m; 211.1336 m? 
73. 19 mi; 59.66 mi; 283.385 mi? 74. 4800 cm; 15,072 cm; 
18,086,400 cm? 75. 10 mm; 62.8 mm; 314mm’ —_76.: 132 km; 
828.96 km; 54,711.36 km? —-77.- 2.3 ft; 14.444 ft; 16.6106 ft? 

78. 5.15 m; 32.342 m; 83.28065m? 79. q(1 + r+ rs + rst) 


Exercise Set 11.2, p. 656 


RC1. (f) RC2. (c) RC3. (ce) RC4. (a) CCI. Yes 
CC2. No CC3.No CC4. Yes 

1.4 3.-20 5.2 727 94 11.-26 13. -18 
15.18 17.15 19.19 21. -1 23, —14 25, 2 
27.20 29-6 31. 33. 35.5 37. —3 
39.5.1 41.124 43.-5 45. 12 47,-2 49. -11 
50.-% 51. -341 52.-17 53.5 54, -3 
55.5.5 56.81 57.24 58. -7; 59. 283.14 


AN 


60. 15.68 61.8 62.—-1% 63.143 64. —4.9 
65. 342.246 67.-2 69-10 71. —-5 


Exercise Set 11.3, p. 662 

RC1. (d) RC2. (©) RC3. (a) ~RC4. (b) CCI. (f) 
CC2. (d) C3. (a) CCA. (b) 

1.6 39 512 7-40 9-7 11.-7 13. -6 
15.-5 17.6 195 21.-63 23.36 25. -21 
27.-2 29.-3 31.3 33.7 35.-7 37. -8 

39. 15.9 41. -50 43. -14 45. 62.8 ft; 20 ft; 314 ft? 
46. 75.36 cm; 12 cm; 452.16cm* 47. 8000ft? 48. 31.2 cm? 
49. 68in? 50. 38.25m’ 51. —8655 53. No solution 
55. No solution 


Mid-Chapter Review: Chapter 11, p. 664 


1. False 2. True 3. True 4. False 
5. 6x — 3y + 18 = 3+2x — 3+y + 3+6 = 3(2x — y + 6) 


6 xt+5=-3 7. —6x = 42 
x+5-5=-3-5 —6x 42 
x+0=-8 Tee eg 

x= —8 1+x = -7 

x=-7 


8. -28 97 10.5 11. 3x +15 12. 8y — 28 

13. 18x + 12y-6 14. 6x+2y-—16 15. 3(y +7) 

16. 5(z +9) 17. 9x - 4) 18. 8(3a — 1) 

19, 2(2x + 3y —1) 20. 3(4x —3y +1) 21. 4(a — 3b + 8) 
22. 6(5a — 3b —4) 23. 15x 24. 2y 25. 2x -—y —3 
26.6 27. —-12 28.7 29. —-10 30.20 31.5 

32.7 33.10 34.-2 35.3 36.0.7 37. -14 

38.6 39.12 40. —-17 41. -9 42.17 43. -6 
44.18 45.-15 46.-3 47.3 48. —-3 49, —35 

50. They are not equivalent. For example, let a = 2 and b = 3. 
Then (a + b)? = (2+ 3)? = 5? = 25, but’? +h =? +37 = 
4+9= 13. 51. We use the distributive law when we collect 
like terms even though we might not always write this step. 

52. The student probably added 5 on both sides of the equation 
rather than adding -5 on (or subtracting 5 from) both sides. The 
correct solution is —2. 53. The student apparently multiplied 
by —% on both sides rather than dividing by 5 on both sides. The 
correct solution is —}3. 


Exercise Set 11.4, p. 671 


RC1. collect RC2. check RC3. distributive 

RC4. multiplication CC1. 11x —56 CC2. 22x — 45 
CC3. y+ 21 CC4.3y—-—6 CCS. -n+1 

CC6. —4n + 24 1.5 3.8 5.10 714 9 —-8 

11. -8 13. -7 15.15 17.6 194 21.6 23. -3 
25.1 27.-20 29.6 31.7 33.2 35.5 37.2 
39.10 41.4 43.0 45.6 47.2 49.6 51.8 
53.1 55.17 57. -3 59.-3 61.2 63.2 65. 4.5 
66. 0.0009 67. 43.75% 68. 76% 69. 200 

70. 0.0147. 71.180 72. 38° 73. 95° 74. $39,574 

75. 3 77. 15.4 79. 2, or 1d, or 1.8 


Exercise Set 11.5, p. 677 

RC1. False RC2. False RC3. True RC4. True 
CCl. (d) CC2. (a) ~CC3. (©) CCA. (ce) ~—CCS. (b) 
1.4 3-5 5-5 22 9-24 11.-} 13.6 
15.-1 17.2 192 21.-2 23.-8 25.1 

27. 4,0r0.8 29. H,or0.22 31. -4 33. Zor0.8 

35. —4,or—0.18 37. $42,506 38. $32.40 39. $35,560 
40. 80patients 41.2 43. -2 45.8 47.2cm 


Translating for Success, p. 689 


1B 2H 3G 4.N 5.3 6C 72L 8&E 
9. F 10. D 


Exercise Set 11.6, p. 690 


RC1. Familiarize RC2. Translate RC3. Solve 

RC4. Check RCS. State CC1. 5xpx — 10; x — 10; 180 
CC2. 0.06x, or 6%x; 0.06x; 36.57 1.2x—3 3. 97%y, or 0.97y 
5.5x+4,or4+5x 7.32 957 11. -12 

13. 91,179 students 15. 1522 Medals of Honor 17. 4.37 mi 
19. 325mi 21. 89and96 23. 36in. X 110in. 25. 305 ft 
27. 180 in.;60in. 29. First: 28°; second: 84°; third: 68° 

31. 18mi 33. $350 35. $852.94 37. $24.95 39. $36 
41. Length: 265 ft; width: 165 ft; area: 43,725 ft? 43. -7 
44.-% 45.-j5 46.-% 47.1.6 48.4096 49. —9.6 
50. —41.6 51. Length: 12cm; width:9cm 53. Quarters: 60; 
dimes: 30; nickels: 40 


Summary and Review: Chapter 11, p. 695 


Vocabulary Reinforcement 

1. substituting 2. constant 3. identity property of 1 

4. multiplication principle 5. distributive law of multiplication 
over subtraction 6. addition principle 7. equivalent 


Concept Reinforcement 
1. True 2. False 3. False 4. True 


Study Guide 
1.-6 2.4% +20y-28 3. 8(3a-—b+2) 4. 6x — 3y 


5.2 6-8 721 8-2 %6 10. -3 
11.n+5,or5+n 


Review Exercises 

1.6.4 2.15%-35 3. -8%+10 4.4% +15 

5. —24 + 48x — loy 6. 2(x-—7) 7. 6(x — 1) 

8. 5(x +2) 99 3(4-—x+2z) 10. 7a — 3b 

11. -2x + 5y 12.5x-—y 13. -a+ 8b 14. —22 
15.7 16. —-192 17.1 18. -i 19.25 20. 5 
21.-8 22.999 23.-8 24.-5 25. —% 

26.4 27.3 28.4 29.16 30.6 31. —3 

32. -2 33.4 34. 19%x,or0.19x 35. Length: 365 mi; 
width: 275 mi 36. 13 ftand8ft 37. $2117 

38. 27 appliances 39. 35°, 85°, 60° 40. $220 41. $138.95 
42. $68,000 43. $867 44. Width: 11 cm; length: 17 cm 
45. Amazon: 6437 km; Nile: 6671 km 46.C 47.A 

48. 23,-23 49. 20, —20 


Understanding Through Discussion and Writing 


1. The distributive laws are used to multiply, factor, and collect 
like terms in this chapter. 2. For an equation x + a = b, we 
add the opposite of a on both sides of the equation to get x 
alone. 3. For an equation ax = b, we multiply by the 
reciprocal of a on both sides of the equation to get x alone. 

4. We add —b (or subtract b) on both sides and simplify. Then 
we multiply by the reciprocal of a (or divide by a) on both sides 
and simplify. 


Test Chapter 11, p. 700 

1. [11.ta]6 2. [1l.1b]18 - 3x 3. [11.1b] -Sy + 5 

4, [11de]2(6 — 11x) 5. [11.de] 7(x + 3 + 2y) 

6. [111d] -—Sx-—y 7. [ll.dd] 4a + 5b 8. [11.2a] 8 

9, [11.2a}26 10. [11.3a]-6 11. [11.3a] 49 

12. [11.4b] -12 13. [11.5a]2 14. [11.4a] -8 

15. [11.2a] -7, 16. [11.5b]2.5 17. [11.4c]7 18. [11.4c] 3 
19. [11.6a]x —9 20. [11.6b] Width: 7 cm; length: 11 cm 

21. [11.6b] $46,120 22. [11.6b]3m,5m__ 23. [11.6b] $2033 
24, [11.6b]6 25. [11.6b] 25.625° 26. [11.4b]D 27. [10.1e], 
[11.4a] 15,-15 28. [11.6b] 60 tickets 


Chapter11 - A-21 


Cumulative Review: Chapters 1-11, p. 702 

1. [1.la] 7 2. [1.1b] 7 thousands + 4 hundreds + 0 tens + 

5 ones, or 7 thousands + 4 hundreds + 5 ones 

3. [4.1a] Seven and four hundred sixty-three thousandths 

4, [1.2a] 1012 5. [1.2a] 21,085 6. ‘[3.2a] x 7. [3.5a] 53 

8. [4.2a] 493.971 9. [4.2a] 802.876 10. [1.3a] 152 

11. [1.3a] 674 12. [3.3a] 3; 13. [3.5b] 254 

14. [4.2b] 19.9973 15. [4.2b] 34.241 16. [2.5b] 

17. [2.5b] 55 18. [1.4a] 4752 19. [1.4a] 266,287 

20. [3.6a] 44, 21. [2.6a] $ 22. [2.4a] 10 23. [4.3a] 259.084 
24, [34a] 33 25. [1.5a] 57326. [1.5a] 56 R 10 

27. [3.4b] 5675 28. [2.7b]3 29. [3.6b] G7 30. [4.4a] 39 

31. [1.6a] 68,000 32. [4.1d]0.428 33. [4.5b] 21.84 

34, [2.2a] Yes 35. [2.1a] 1,3,5,15 36. [3.1a] 800 

37. [2.5c] # 38. [3.3b] < 39. [4.Ic] 1.001 

40. [5.2b] 11.176¢/0z, 11.067¢/0z, 12.197¢/0z, 10.583¢/0z, 

10.586 ¢/oz; brand D has the lowest unit price. 41. [9.3b], [9.4c] 
(a) 4400 mi; (b) about 1,437,333,333 mi? 42.._ [6.5a] $10,755.20 
43. [6.5a] 15% 44. [6.5a] $3495.44 45. [6.5a] 30% 

46. [6.5a] $537.76 47. [1.6c] > 48. [2.3a] 2 49. [4.1b] 0.037 
50. [4.5a] 0.52 51. [4.5a] 0.8 52. [6.1b] 0.07 53. [4.1b] #63 
54. [3.4a] 2 55. [6.2b]2 56. [6.2a] 85% 57. [6.1b] 150% 
58. [1.7b] 555 59. [4.4b] 64 60. [2.7c]3_ 61. [5.3b] 43, or 
765,0r 76.5 62. [1.9b] 324 63. [1.9b] 343 64. [9.6a] 3 

65. [9.6a] 11 66. [9.6b] 4.472 

67. [7.2b] Frequency of Lateness to Work 68. [9.5e] 118° 


Percent 


Sa Ra 

RK gi S < 
S a S Or & 

x > x 


Responses 


69. [9.5d] Obtuse 70. [1.8a] $675 71. [1.8a] 65 min 

72. [4.7a] $25.75 73. [4.7a] 485.9 mi___74. ‘[1.8a] $8100 

75. [1.8a] $783 76. [2.4b] ,km 77. [4.7a] $84.96 

78. [5.4a] 13 gal 79. [6.7a] $150 80. [6.6b] 7% 

81. [6.5a] 30,160 82. [11.6b] $2200 83. [11.6b] 50 m; 
53m:40m 84, [7.3b,c, d] 28;26;18 85. [8.1a] 12 

86. [8.2a] 428 87. [8.6a] 72 88. [8.4b] 20 89. [8.4a] 80 
90. [8.4b] 0.08 91. [8.5a] 8.19 92. [8.5a] 5 

93. [9.6c] c = V50 ft;¢ ~ 7.071 ft 

94, [9.3a, b, c] 20.8 in.; 65.312 in.; 339.6224 in? 

95. [9.1a], [9.2a] 25.6 m; 25.75 m? 96. [9.2b] 25 in? 

97. [9.2b] 61.6 cm? 98. [9.2b] 128.65 yd? 99. [9.4a] 52.9 m? 
100. [9.4b] 803.84 ft? 101. [9.4d] 267.946 cm? 102. [11.4a] —5 
103. [11.3a]4 104. [11.4b] -8 105. [11.4c] 3 

106. [1.9c] 238 107. [1.9c] 172 108. [10.1e], [10.4a] 3 

109. [10.2a] 14. 110. [10.3a]; 111. [10.4a] 30 

112. [10.4a]-—% 113. [10.5a] -8 114. [7.3e] Minimum: 60; 
first quartile: 73; median: 84.5; third quartile: 88.5; maximum: 98 


115. [7.4a] Test Scores Frequency 
60-69 3 
70-79 5 
80-89 8 
90-99 4 
116. [7.4b] 6/0 3 8 
7/1 246 9 
8}2 455778 9 
912 3 6 8 
Key: 6/0 = 60 


A-22 Answers 


117. [7.4c] © 


8 


6 


Frequency 


4 


2 


> Oo Dd SD 
N % 5) 
OSS 


Test scores 


118. [11.6a] y + 17,or17 + y 


120. [11.4b] 4 
123. [11.5b] 2 
126. [10.5c] D 


121. [11.4c] —3 
124. [111d] C 
127. [10.2a] A 


119. [11.6a] 38%x, or 0.38x 
122. [11.5a] 0 
125. [11.1c] B 
128. [10.3b] 235 and 195 


CHAPTER 1 


Section 1.1 


8. 2718 = 2 thousands + 7 hundreds + 1 ten + 8 ones 
17. One million, eight hundred seventy-nine thousand, two 
hundred four 


Section 1.2 
ie ok ot 
2. 7968 
+5 497 
13,465 
5. Perimeter = 4in. + 5in. + Qin. + 6in. + 5in. = 29 in. 


Section 1.3 


4 G13) 
1. 7893 Check: 3801 5. 50 3 
=40 92 +4092 = 299 
3801 7a 93 205 
Section 1.4 
M 2k 
= 1348 20.A=l-w 
x 5 = 12ft- Sft 
6740 = 96 sq ft 


Section 1.5 
8. 0 + 2 means 0 divided by 2. 

Since zero divided by any nonzero number is 0, 0 + 2 = 0. 
9. 7 + 0 means 7 divided by 0. 

Since division by 0 is not defined, 7 + 0 is not defined. 


Section 1.6 


26. Nearest ten: Nearest hundred: 


840 800 
x 250 x 200 
42 000 160,000 

168 000 

210,000 


31. Since 8 is to the left of 12 on the number line, 8 < 12. 


Section 1.7 
13. x+9=17 
x+9-9=17-9 
x=8 
Check: x+9 =17 
8+9 917 
ule 


Since 17 = 17 is true, the answer checks. 
The solution is 8. 


Guided 


Solutions 


144 9°n 
19, — = — 
9 9 
16=n 
Check: 144=9-n 
144 ? 9-16 
144 


Since 144 = 144 is true, the answer checks. 
The solution is 16. 


Section 1.8 


4. 1. Familiarize. Let p = the number of pages William still has 


to read. 


2. Translate. 


Pages Number of Total 
already pages number 
read plus to read is of pages 
JY YoY 
86 + P = 234 
3. Solve. 
86 + p = 234 
86 + p — 86 = 234 — 86 
p = 148 


4. Check. If William reads 148 more pages, he will have read 
a total of 86 + 148 pages, or 234 pages. 
5. State. William has 148 more pages to read. 


9. 1. Familiarize. Let x = the number of hundreds in 3500. 


Let t = the time it takes to lose one pound. 
2. Translate. 
100-x = 3500 
x-2=t 
3. Solve. From Example 7, we know that x = 35. 
x-2=t 
35:2 =t 
70 =t 
4. Check. Since 70 + 2 = 35, there are 35 groups of 2 min in 
70 min. Thus you will burn 35 x 100 = 3500 calories. 
5. State. You must swim for 70 min, or 1 hr 10 min, in order to 
lose one pound. 


Section 1.9 
5. 104 = 10-10-10-10 = 10,000 
15.9 x 4-— (20 + 4) + 8 — (6 — 2) 
=9xX4-24+8-4 
= 36-24+8-4 


=36-3-4 
=33-4 
= 29 


25. (ik = 2-4-7) = 3] — Fl 40 a) 
= [18 — 9 + 3] — (31 -— 10 x 2) 
= [18 — 3] — (31 — 20) 
=15-11 
=4 


Chapter1  A-23 


CHAPTER 2 Section 2.6 


Section 2.1 1. sd = a 
4. 45 DicF 
ae = 4.9599 
she 2 is not a factor of 45. > 7 
4 is not a factor of 45. eee 
5+9 ae 
6, 7, and 8 are not factors of 45. 34282 
9 is already listed. ec 
The factors of 45 are 1, 3,5, 9,15, 45. 7 
Me Section 2.7 
_ 5 6.364 pee 
— 7 4 73 6 3 
0 6:4 5 2 
Since the remainder is 0, 16 is divisible by 2. ~ 7.3 6% 3 
2+3+2+2 = s 
Section 2.2 an a 6 oO 
8. Add the digits: 1 + 7+ 2 +1 + 6 = 17. Since 17 is not _ 32+2+2 2 6 
divisible by 3, the number 17,216 is not divisible by 3. ~ & 7 ye '3 
28. The number named by the last two digits is 24. Since 24 is 2.0909 2-2-3 


divisible by 4, the number 23,524 is divisible by 4. = 


, 
| 

as | 43 

n 


: 8 : 
Section 2.3 =< -255 
1 
11. Each gallon is divided into 4 equal parts. The unit is ry = 4 
5 
There are 7 equal units shaded. The part that is shaded is f 
jin CHAPTER 3 
ao. S67 S67 : 
Section 3.1 
: 7. a) 18 = 2-3-3 
Section 2.4 40 = 2°2+2°5 
3.5 3:5 & Se Ze 5 $e 2 b) Consider the factor 2. The greatest number of times that 
87 8-7 a 8 2 occurs in any one factorization is three times. Write 2 as 
15 5x2 a factor three times. 
~ 56 ~ 1x3 2+2+2+? 
10 Consider the factor 3. The greatest number of times that 
=— 3 occurs in any one factorization is two times. Write 3 as a 
3 factor two times. 
: 2°2°2°3+3+? 
Section 2.5 Consider the factor 5. The greatest number of times that 
4 45 15 75 3*5*9 5 occurs in any one factorization is one time. Write 5 as a 
5 3°38 "30 )(2-3-5 factor one time. 
4-5 36565 2.222 2*3*3*5 
~ 305 = 305-9 LCM = 360. 
20 16. 281.9084 
~ 15 = 5.2.2 3] 81.45 42 
3|.27 15 14 
=p 9 514 
5 s The LCM is 2:3-3+9-+5>14, or 11,340. 
=— 
21,2-20=40 3-14=42 Section 3.2 
2 14 7. The LCD is 24. 
3 20 3 + 5 = + 
14 Se 


2 
i 40 4 42,-4—. 
Since aay, _ . 


2 


Satan 
AIR OF 


1 

7 
3 
+ 


|B Bo ele ape 
N 
aS 


A-24 = Guided Solutions 


12. 1. Familiarize. Let T = the total amount of berries in the 


salad. 


2. Translate. To find the total amount, we add. 


(ae 


s+ =+5=T 


8 4 


3. Solve. The LCD is 16. 
2 38 


. + . 
82 4 4 
14 «12 
—+—+ 
16 «616 


4. Check. The answer is reasonable because it is larger than 


=T 


any of the individual amounts. 


1 
5. State. The salad contains a total of qt of berries. 


Section 3.3 


5. The LCD is 18. 


a1 


2 


6 9 


_ 15 
~ 18 
_ 13 
~ 18 


2 


Since 20 < 21, it follows that 


12. The LCD is 24. 
5 _ 20 
6 24 
7 _ 21 
8 24 

20 _ 21 

24 > 24° 
5 7 
Thus, — < =. 
US, & 8 

Section 3.4 

6. 4-6 =24 
24+5=29 
5_ 29 
6 6 


Section 3.5 


a 4 
5. 83 6 
dl . 

_2 _ 6 

1 

3-— 

6 


2 2 32 
3. 2°65 = 15 
=% 
5 
4 
= 12- 
5 


PR & 
| U2] Uo 


3 
10. 2 

3)7 

6 

1 

q- A 
-~=2- 
3° a 
1 5 = 
—-1-=- 
ii 
721g 


vs) 
WIN 


Blo BIO 


3° 


RP WilwW bd 


oc 1 | Tr 


Din 


M| oO 


N 


Section 3.7 
5 13,55 2. 
34°8 10 12° 8 10 
~3 81 
~72°5 10 
eee: 
ey ae 
e141 
~ 5 10 
=n 
3 3 
a 2 
7 2 73 2 10 
oO 4 6 5 3° 6 
3 
ee 
~ 21 20 
30. 30 
3 
ee Be 
~ 4 § 30 
30 
330 3*6:5 
a ec | 
CHAPTER 4 
Section 4.1 wis 
6. 0.896. 3 places a 7.43. 
0.896 = 26 * sd 
et 2zeros  2places 
743 
an 
Section 4.2 
tididi eau 
7. 45.780 37.428 
2467.000 —26674 
+ 1.993 10.754 
2514773 
49 9 910 
14. 50609 
—~ 0.0089 
4.9911 
Section 4.3 
3. 42.65 14. $15.69 = 15.69 x $1 
x 0.804 = 15.69 X 100¢ 
17060 = 1569¢ 
3412000 
3429060 


Chapters 2-4 


A-25 


Section 4.4 


0.025 
6. 86)2.150 
172 
430 
430 
0 
7 0.375 _ 0.375 _ 100 15 
"0.25 0.25 100 0.2 5 )0.3 75 
_ 3785 \A 4 
25 12.5 
125 
0 
100°x 78.314 
15. = —— 17. 625 + 62.5 X 25 + 6250 
100 100 _ a 
= 0.78314 = 10 X 25 + 6250 
ae: = 250 + 6250 
= 0.04 
Section 4.5 
9 9 5 45 
4. 30-205 10° 
6. 7 1+6 17. Method 1: 
3 
0.166 4 x 0.62 = 0.75 X 0.62 
6)1.000 = 0.465 
_6 Method 2: 
40 3 3 62 
— X 0.62 = —-— 
3 6 4 4 100 
40 186 
= —, or 0.465 
36 400° °" 
“4 Method 3: 
1 7 3 3 0.62 
es = xX 0.62 = — Xx 
— 0.1666... = 0.16 4 4 1 
1.86 
= 4a? or 0.465 
CHAPTER 5 
Section 5.1 
Length of shortest side _ 382 
Length of longest side yeh) 
3.6 
9. Ratio of 3.6 to 12: — 
atio o te) rr} 
Simplifying: 
3.6 10 36 12:3 12 3 ES) 
12 10 120 12-10 1210 £10 
Section 5.2 
52 ft bet apse bao Price 
4, i 4 ft/sec 6. Unit price = Nombercuae 
$2.79 279 cents 
~ 260z 2602 
279 cents 
76 r = 10.731¢/0z 
A-26 Guided Solutions 


Section 5.3 


3. We compare cross products. 


1. 20 
1-39 = 3 eee 2-20 = 40 
2 39 
Since 39 # 40, the numbers are not proportional. 
e #22 
: 9 4 
x74 =9°5 
x4 905 
4 4 
45 
=—=11- 
"4 


Section 5.4 


2. 1. Familiarize. Let p = the amount of paint needed, in 
gallons. 
P 


4 
2. Translate. 1600 ~ 6000 


3. Solve. 
4+6000 = 1600: p 
15 =p 
. Check. The cross products are the same. 
. State. For 6000 ft”, they would need 15 gal of paint. 


. Familiarize. Let D = the number of deer in the forest. 


153 18 
. Translate. —— = — 
ranslate D 62 


rn =|} MHS 


3. Solve. 
153-62 = D-18 
527 = D 
4. Check. The cross products are the same. 
5. State. There are about 527 deer in the forest. 


Section 5.5 


1. The ratio of x to 20 is the same as the ratio of 9 to 12. 


2 7: 
20° «+12 
x12 = 20-9 
x-12 20-9 
12 12 
180 
== 15 
ee: 
5. Let w = the width of an actual skylight. 
12.38 
52 w 
12+w = 52+3 
w= 13 
The width of an actual skylight will be 13 ft. 
CHAPTER 6 
Section 6.2 
19 19 4 > 325 _ 3.25 _ 100 
6 55> 35 4 eae = 100-100 ~* 100 
1S _ ey 328. 13 * 3S 
~ 406° °° 10,000 400 x 25 
13.2513 
~ 400° 25 400 


Section 6.3 


9. 20% of what is 45? 
20% + b Mu 45 
20% +b 45 
20% 20% 
_ 45 
~ 0.2 
b = 225 


11.16 is  whatpercent of 40? 


, vy VY 


16 = 7) : 40 
16 p-40 

40 40, 

16 | 

40. ? 

0.4 =p 

40% =p 


Section 6.4 


20 _ 45 9 La 
100 ob “100 ~ 55 
20+b = 100-45 64°55 = 100-a 
20b  ~=100-45 64°55 100°a 
7 ©©20 100 ~—«:100 
» — 4500 3520 _ 
a) 100 
b = 225 35.2 =a 
12 =N 
12. 40 = 100 
12-100 = 40-N 
12-100 40-N 
40-40 
1200 
—=N 
40 
30 =N 
Thus, $12 is 30% of $40. 
Section 6.6 
2. Salestax = 4% X 4X $18.95 7 $2970=75% XS 
= 0.04 x $75.80 $2970 = 0.075 x S 
= $3.032 $2970 0.075 x S 
= $3.03 0.075. ~—-0.075 
Total price = $75.80 + $3.03 $39,600 = S 
= $78.83 
Section 6.7 
1. J=P-;rt 3. a) J=Port 
- x 4% x 30 
Lceedabinche = $4800 x 55% x — 
= $4300 x 0.04 x 1 365 
= = x 0. xa 
$172 $4800 x 0.055 x 2 


= $21.70 
b) Total amount 
= $4800 + $21.70 
= $4821.70 


CHAPTER 7 
Section 7.1 


3. The amount of the decrease in population density is 
611 — 598 = 13. 


13 
The percent decrease is lL = 0.021, or 2.1%. 


3 
8. The graph shows about 1 4 symbols for South America. 
This represents 175 roller coasters. 
3 
The graph shows about 4 symbol for Africa. 


This represents 75 roller coasters. 
There are about 100 more roller coasters in South America 
than in Africa. 


Section 7.2 


7. We look from left to right along a line at $400 per ounce. The 


points on the graph that are below this line correspond to the 
years 1970, 1975, 1985, 1990, 1995, and 2000. 


Section 7.3 
100-15 + 92+25 + 88-40 
7. Course grade = 15 +25 + 40 
_ 7320 


= —— = 915 
80 
Soha’s course grade is 91.5%. 


14, Rearrange the numbers in order from smallest to largest: 
34, 34, 67, 68, 69, 70. 


The middle numbers are 67 and 68. 
The average of 67 and 68 is 67.5. 
The median is 67.5. 
17. Rearrange the numbers in order from smallest to largest. 


13, 24, 27, 28, 67, 89. 


Each number occurs one time. 
There is no mode. 


Section 7.5 
4. Probability of landing on red or blue 


Number of ways to land on red or blue 


Number of ways to land on a space 


CHAPTER 8 


Section 8.1 
5 5 : 72 in. Hl 
6. 2zyd = 2% x Lyd 8. 72in. = 1 acces 
=2 By im ra 
: ~ 12 in, 
atte = 6ft 


| 

x 
w 
= 


ll 
e¢) 
Nie 
> 


lyd 
10. 24ft = 24 ft x —— 


3 ft 
24 ft 

== eo Mad 
a. 


= 8yd 


Chapters 4-8 . A-27 


Section 8.2 ia 
10. 23km = 23 X 1km 15. 7814m = 7814m x —— 
= 23 x 1000m ea en 
= 23,000 m = — X — X ldam 
10 m 
= 781.4 dam 
Section 8.3 
3. 2383km = 2383 X 1km 
~ 2383 X 0.621 mi 
= 1479.843 mi 
Section 8.4 


13. 1 mcg = 0.000001 g 
0.000001 x 1g 
= 0.000001 x 1000 mg 


= 0.001 mg 
Section 8.5 
1 gal 
2. 80qt = 80qt- 7. 0.97L = 0.97 X1L 
- 4qt = 0.97 X 1000 mL 
er = 970 mL 
= 20 gal 
Section 8.6 
1 day 1 wk 
4. 168hr = 168 hr Xx x 
7 *” Dahr ~ 7 days 
168 
a a 
= 1wk 
13. C = 3(F - 32) 
= 3 (95 — 32) 
= 3-63 = 35 


Thus, 95°F = 35°C. 


Section 8.7 1#0 
a. 209 = 20K 1 4. 360in? = 360in? x ——— 
= 20 X 144 in? se Ds in 
= 2880 in’ in 2 
=——xX—*X 
ia ie 
= 25 ft’ 
CHAPTER 9 
Section 9.1 
5. P=2-(1+w) 8. P=4-s 
= 2+(8fin. + Sin.) = 4-7.8km 
= 2-(134in.) = 
- 2-23in 
_ 2°53 
> oe 
a= in 
5 in. 
= 264in 


A-28 =< Guided Solutions 


Section 9.2 


6. A=srs 10. A =5-b-h 
— 21 a 
= 3;yd X 35yd = 5% llem Xx 3.4cm 
= fyd x Syd = 0.5 X11 X 34cm? 
= ya = 18.7 cm? 
= 12; yd? 
Section 9.3 
3. C=qa7-d 6 A=T'r'r 
~ 3.14 x 18 in. ~ 2.5km-5km 
= 2 kim? 
= 784km’ 
Section 9.4 
4. Veaer-h 6. Vegan 
~ 3.14 x Sft x Sft x 10ft ~4x2x (28ft)3 
= 3.14 x 250 ft ae? ' 
= 785 ft? = 3" x 7 x 21,952 ft° 
= a ‘3 
= 91,9895 ft 
Section 9.5 
13. 90° — 67° = 23° 18. 180° — 71° = 109° 
Section 9.6 
2. @+RP=c 
122 + 52 = ¢? 
144 + 25 =? 
169 = ¢? 
13 =c 
CHAPTER 10 
Section 10.1 
WW. 1.33... 
3)4.0 0 
3 
10 
= 
10 
eae 
1 
4 _ 
Thus, — = 1.3. 
us, 3 


0.2 4 (-2) 32. ~x = —(-1.6) = 1.6 
7 and —(-x) = -(-(-1.6)) 
ee (-2) = -(1.6) = -1.6 

20 20 
19 
~ 20 


Section 10.3 
11.2 —8 =2+ (-8) = -6 
19, -12 - (-9) = -12+9= -3 


Section 10.4 


4 a\. 27-3 20 
21. 5 + ( >) =.( >) or 


5 5 5 
25. S a = = 6 
CHAPTER 11 
Section 11.1 
4. A=lw 20. —2(x — 3) 
A = (24 ft)(8 ft) Se 
= (24)(8)(ft) (ft) = es + Se 


= 192 ft’, or 192 square feet 
24. 16a — 36b + 42 
=2+8a — 2+18b + 2:21 
= 2(8a — 18b + 21) 
31. 3x — 7x — 11 + 8y + 4 — 13y 
= (3 — 7)x + (8 — 13)y + (-11 + 4) 
= —4x + (—5)y + (-7) 
=—4x —S5y —-7 


Section 11.2 


1. x+2=11 
x+2+(-2) =11+(-2) 
x+0=9 

x= 9 
Section 11.3 
1. 6x = 90 
1 1 
—*6 = —-90 
°° « 
Lex = 15 
x= 15 
Check 6x = 90 
6-15? 90 
90 | TRUE 
2. 4x =-7 7. 
AS Ee 
4. 4 
7 
lex = —— 
ae 
ae | 
4 


os 
4° ee 

6 2 6/5 
3. .( 6 
0) 

a aly 
4 

-3-y 


Section 11.4 


4, —18 —m = —-57 
18 — 18 —m = 18 — 57 
—m = —39 
—1(-m) = —1(-39) 
m = 39 


VW. 7x — 17+ 2x =2- 8x + 15 
9x —17 = 17 - 8& 
8x + 9x — 17 = 17 — 8x + 8x 


17x — 17 =17 

17x —-17 +17 =17+17 
17x = 34 
17x _ 34 
17 17 
x=2 


Section 11.5 


7 1 3 
. + = 8-(—+ 
8-(Zx at 8-(2 x) 
7 1 1. 3 
. . + . —! . + . 
8 ae oar 8 a 8 4 8x 


7x —2+ 4% =6+ 8x 
llx -2=6+ 8 


lilx —2—- 8 =6+ 8x — 8x 
3x -2=6 
3x —-2+2=6+2 
3x = 
3x 
3 


eS 


tw | 00 W2] 00 00 


Section 11.6 


16. Principal + Interest 


yb ed 4 


x + 5%x 2520 
x + 0.05x = 2520 
(1 + 0.05)x = 2520 


1.05 x = 2520 
1.05x _ 2520 
1.05 1.05 

x = 2400 


The principal is $2400. 
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A 

Absolute value The distance that a number is from zero on 
the number line 

Acute angle An angle whose measure is greater than 0° 
and less than 90° 

Acute triangle A triangle in which all three angles are 
acute 

Addend_ In addition, a number being added 

Additive identity The number 0 

Additive inverse A number’s opposite. Two numbers are 
additive inverses of each other if their sum is 0. 

Algebraic expression An expression consisting of 
variables, constants, numerals, operation signs, and/or 
grouping symbols 

Angle A set of points consisting of two rays (half-lines) 
with a common endpoint (vertex) 

Area The number of square units that fill a plane region 

Arithmetic mean A center point of a set of numbers found 
by adding the numbers and dividing by the number of 
items of data; also called mean or average 

Arithmetic numbers The whole numbers and the positive 
fractions; also called the nonnegative rational numbers 

Associative law of addition The statement that when three 
numbers are added, regrouping the addends gives the 
same sum 

Associative law of multiplication The statement that when 
three numbers are multiplied, regrouping the factors gives 
the same product 

Average A center point of a set of numbers found by 
adding the numbers and dividing by the number of items 
of data; also called the arithmetic mean or mean 


B 

Bar graph A graphic display of data using bars 
proportional in length to the numbers represented 

Base In exponential notation, the number being raised to 
a power 


C 

Celsius A temperature scale for metric measure 

Circle graph A graphic means of displaying data using 
sectors of a circle; often used to show the percent of a 
quantity in different categories or to show visually the 
ratio of one category to another; also called a pie chart 

Circumference The distance around a circle 

Coefficient The numerical multiplier of a variable 

Commission A percent of total sales paid to a salesperson 

Commutative law of addition The statement that when 
two numbers are added, changing the order in which the 
numbers are added does not affect the sum 


Glossary 


Commutative law of multiplication The statement that 
when two numbers are multiplied, changing the order 
in which the numbers are multiplied does not affect the 
product 

Complementary angles 
their measures is 90° 

Composite number A natural number, other than 1, that is 
not prime 

Compound interest Interest paid on interest 

Constant A known number 

Contingency table A table that displays frequencies for 
more than one variable; also called a two-way frequency 
table if there are two variables 

Cross products Given an equation with a single fraction 
on each side, the products formed by multiplying the 
left numerator and the right denominator, and the left 
denominator and the right numerator 


Two angles for which the sum of 


D 

Decimal notation A representation of a number containing 
a decimal point 

Denominator The bottom number in a fraction 

Diameter A segment that passes through the center of a 
circle and has its endpoints on the circle 

Difference The result of subtracting one number from another 

Digit A number 0, 1,2,3,4,5, 6,7 8, or 9 that names a 
place-value location 

Discount The amount subtracted from the original price of 
an item to find the sale price 

Distributive law of multiplication over addition The 
statement that multiplying a factor by the sum of two 
numbers gives the same result as multiplying the factor by 
each of the two numbers and then adding 

Distributive law of multiplication over subtraction The 
statement that multiplying a factor by the difference of 
two numbers gives the same result as multiplying the 
factor by each of the two numbers and then subtracting 

Dividend In division, the number being divided 

Divisible The number a is divisible by another number b if 
there exists a number c such that a = b-c 

Divisor In division, the number dividing another number 


E 

Equation A number sentence that says that the 
expressions on either side of the equals sign, =, represent 
the same number 

Equilateral triangle A triangle in which all sides are the 
same length 

Equivalent equations Equations with the same solutions 


Glossary G-1 


Equivalent expressions Expressions that have the same 
value for all allowable replacements 

Equivalent fractions Fractions that represent the same 
number 

Even number A number that is divisible by 2; that is, it has 
an even ones digit 

Event In probability, a set of possible outcomes of an 
experiment 

Experiment In probability, a procedure that can be 
repeated and that has a defined set of outcomes 

Exponent In expressions of the form a”, the number n; for 
n a natural number, a” represents n factors of a 

Exponential notation A representation of a number using 
a base raised to a power 


F 

Factor Verb: to write an equivalent expression that is a 
product. Noun: a multiplier 

Factorization A number expressed as a product of natural 
numbers 

Fahrenheit A temperature scale for American measure 

Five-number summary The set of statistics consisting of 
the minimum, the first quartile, the median, the third 
quartile, and the maximum of a set of data 

Fraction notation A number written using a numerator 
and a denominator 

Frequency distribution A description of the frequency 
patterns in a set of data 

Frequency of an item in a set of data The number of times 
that the item appears in the set 

Frequency table A table describing the number of times a 
value or values within a range appear in a set of data 


H 

Histogram A special kind of graph that shows how often 
certain numbers appear in a set of data 

Hypotenuse Ina right triangle, the side opposite the right 
angle 


I 

Identity property of 1 The statement that the product of a 
number and 1 is always the original number 

Identity property of 0 The statement that the sum of a 
number and 0 is always the original number 

Inequality A mathematical sentence using <, >, =, =, 
or # 

Integers The whole numbers and their opposites 

Interest A percentage of an amount invested or borrowed 

Irrational number A real number that cannot be named as 
a ratio of two integers 

Isosceles triangle A triangle in which two or more sides 
are the same length 


L 

Least common denominator (LCD) The least common 
multiple of the denominators of two or more fractions 

Least common multiple (LCM) The smallest number that 
is a multiple of two or more numbers 

Legs Ina right triangle, the two sides that form the right 
angle 

Like terms Terms that have exactly the same variable factors 

Line graph A graphic means of displaying data by 
connecting adjacent data points with line segments 
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M 

Marked price The original price of an item 

Maximum of a set of numbers The largest number in the 
set 

Mean A center point of a set of numbers found by adding 
the numbers and dividing by the number of items of data; 
also called the arithmetic mean or average 

Median Ina set of data listed in order from smallest to 
largest, the middle number if there are an odd number of 
data items, or the average of the two middle numbers if 
there are an even number of data items 

Minimum of a set of numbers The smallest number in the 
set 

Minuend The number from which another number is being 
subtracted 

Mixed numeral A number represented by a whole number 
and a fraction less than 1 

Mode The number or numbers that occur most often in a 
set of data 

Multiple A product of a number and some natural 
number 

Multiplicative identity The number 1 

Multiplicative inverses Reciprocals; two numbers whose 
product is 1 


N 

Natural numbers The numbers 1,2,3,4,5,... 

Negative integers The integers to the left of zero on the 
number line 

Nonnegative rational numbers The whole numbers and the 
positive fractions; also called the arithmetic numbers 

Numerator The top number in a fraction 


0 

Obtuse angle An angle whose measure is greater than 90° 
and less than 180° 

Obtuse triangle A triangle in which one angle is an obtuse 
angle 

Opposite The opposite, or additive inverse, of a number a 
can be named —a. Opposites are the same distance from 
0 on the number line but on different sides of 0. 

Original price The price of an item before a discount is 
deducted 


P 

Palindrome prime A prime number that remains a prime 
number when its digits are reversed 

Parallelogram A four-sided polygon with two pairs of 
parallel sides 

Percent notation A representation of a number as parts 
per 100 

Perimeter The distance around a polygon, or the sum of 
the lengths of its sides 

Pi (a) The number that results when the circumference of 
a circle is divided by its diameter; 7 ~ 3.14, or 22/7 

Pictograph A graphic means of displaying data using 
pictorial symbols 

Pie chart A graphic means of displaying data using sectors 
of a circle; often used to show the percent of a quantity 
used in different categories or to show visually the ratio 
of one category to another; also called a circle graph 

Polygon A closed geometric figure with three or more 
sides 


Positive integers The natural numbers, or the integers to 
the right of zero on the number line 

Prime factorization A factorization of a composite number 
as a product of prime numbers 

Prime number A natural number that has exactly two 
different factors: only itself and 1 

Principal The amount invested 

Probability A number between 0 and 1 that describes the 
likelihood of an event occurring 

Product The result in multiplication 

Proportion An equation that states that two ratios are equal 

Protractor A device used to measure angles 

Purchase price The price of an item before sales tax is added 

Pythagorean equation The equation a* + b* = c’, where 
a and b are the lengths of the legs of a right triangle and c 
is the length of the hypotenuse 


Q 

Quartile One of three numbers that divides a set of data 
into four groups, each of which contains 25% of the data 

Quotient The result when one number is divided by another 


R 

Radical sign The symbol V — 

Radius A segment with one endpoint on the center of a 
circle and the other endpoint on the circle 

Range of a set of numbers The difference between the 
maximum and the minimum of the set 

Rate A ratio used to compare two different kinds of 
measure 

Ratio The quotient of two quantities 

Rational numbers All numbers that can be named in the 
form a/b, where a and b are integers and b is not 0 

Ray A half-line 

Real numbers All rational and irrational numbers 

Reciprocal A multiplicative inverse; two numbers are 
reciprocals if their product is 1 

Rectangle A four-sided polygon with four 90° angles 

Repeating decimal A decimal that cannot be written using 
a finite number of decimal places 

Right angle An angle whose measure is 90° 

Right triangle A triangle that includes a right angle 

Rounding Approximating the value of a number; used 
when estimating 


5 

Sale price The price of an item after a discount has been 
deducted 

Sales tax A tax added to the purchase price of an item 

Scalene triangle A triangle in which each side is a different 
length 

Similar triangles Triangles that have the same shape 
because the lengths of their corresponding sides have the 
same ratio—that is, they are proportional 


Simple interest A percentage of an amount P invested 
or borrowed for ¢ years, computed by calculating 
principal X interest rate <X time 

Solution of an equation A replacement for the variable 
that makes the equation true 

Sphere ‘The set of all points in space that are a given 
distance from a given point 

Square A four-sided polygon with four right angles and all 
sides of equal length 

Square of anumber A number multiplied by itself 

Square root of anumber A number that when multiplied 
by itself yields the given original number 

Statistic A number describing a set of data 

Stem-and-leaf plot A diagram describing the frequency 
distribution of a set of data in which each value in the 
set is listed by its leaf, consisting of its rightmost digit, 
associated with its stem, consisting of the remaining 
digits 

Straight angle An angle whose measure is 180° 

Substitute To replace a variable with a number 

Subtrahend In subtraction, the number being subtracted 

Sum The result in addition 

Supplementary angles Two angles for which the sum of 
their measures is 180° 


T 

Table A means of displaying data in rows and columns 

Term A number, a variable, or a product or a quotient of 
numbers and/or variables 

Terminating decimal A decimal that can be written using a 
finite number of decimal places 

Total price The sum of the purchase price of an item and 
the sales tax on the item 

Trapezoid A four-sided polygon with two parallel sides 

Tree diagram In probability, a diagram showing possible 
outcomes of an experiment 

Triangle A three-sided polygon 

Two-way frequency table A table that displays frequencies 
for two variables; also called a contingency table 


U 

Unit price The ratio of price to the number of units; also 
called unit rate 

Unit rate The ratio of price to the number of units; also 
called unit price 


V 

Variable A letter that represents an unknown number 

Vertex The common endpoint of the two rays that form an 
angle 

Volume The number of cubic units that fill a solid region 


W 


Whole numbers The natural numbers and 0: 0,1, 2,3,... 


Glossary G-3 


This page intentionally left blank 


A 

Absolute value, 605 

Acre, 517, 522 

Acute angle, 571 

Acute triangle, 574 

Addends, 9 

Addition 
addends, 9 
associative law of, 10 
on a calculator, 10 
and carrying, 9 
commutative law of, 10 
with decimal notation, 224 
using fraction notation, 153-155 
using mixed numerals, 176 
on the number line, 608 
of real numbers, 608, 609 
and regrouping, 9 
repeated, 19 
sum, 9 

estimating, 39, 260 
of whole numbers, 9 
of zero, 10, 609 

Addition principle, 655 

Additive identity, 10 

Additive inverses, 610, 611. See also 

Opposite. 

Algebraic expressions, 646 
collecting like terms, 652 
equivalent, 648 
evaluating, 646 
factoring, 651 
multiplying, 649, 650 
terms, 650 
translating to, 680 
value of, 646 

American system of measures 
area, 517,522 
capacity, 505, 522 
changing units, 479, 486, 497, 499, 

505, 511, 517, 522 
to metric, 491, 513, 522 
length, 478, 522 
temperature, 512, 522 
time, 511, 522 
weight, 497, 522 

Angle(s), 569 
acute, 571 
complementary, 572 
measuring, 570 


naming, 569 

obtuse, 571 

rays, 569 

right, 571 

side, 569 

straight, 571 

supplementary, 572, 573 

unit, 570 

vertex, 569 
Annual compounding of interest, 391 
Annual percentage rate (APR), 393 
Approximately equal to (~), 40 
Approximating, see Estimating 
Approximating square roots, 578, 579 
Area 

American units of, 517, 522 

of a circle, 551, 586 

metric units, 518 

of a parallelogram, 539, 586 

of a rectangle, 22, 537, 586 

of a square, 538, 586 

of a trapezoid, 541, 586 

of a triangle, 539, 586 
Arithmetic mean, 430 
Arithmetic numbers, 214 
Array, see Rectangular array 
Associative law 

of addition, 10 

of multiplication, 22 
Augustus, 339 
Average, 72, 244, 430 

grade point (GPA), 431 


B 
Balancing a checkbook, 274, 275 
Bar graph, 420, 421 
Base(s) 
in exponential notation, 70 
of a parallelogram, 538 
of a trapezoid, 540 
Billion, 233 
Billions period, 2 
Borrowing, 15 
Braces, 71, 74 
Brackets, 71, 74 
British-American system of measures, 
see American system of 
measures 
C 
Calculations, fraction and decimal 
notation together, 255 


Calculator 


adding whole numbers, 10 
compound interest, 392 
converting from fraction notation to 
percent notation, 345 
converting from percent notation to 
decimal notation, 340 
decimal notation, calculations with, 
239 
dividing whole numbers, 30 
and divisibility, 89 
evaluating algebraic expressions, 648 
exponential notation, 71 
and factors, 89 
fractions, operations on, 189 
mixed numerals, operations 
on, 189 
multiplying whole numbers, 21 
negative numbers, 611 
order of operations, 73 
percents, using in computations, 356 
a key, 550 
simplifying fraction notation, 118 
square roots on, 579 
subtracting whole numbers, 15 
temperature conversion, 513 
Calculator Corner, 10, 15, 21, 30, 71, 73, 
89, 118, 189, 239, 340, 345, 356, 
392, 513, 550, 579, 611, 648 
Canceling, 118 
Capacity, 505, 506, 522 
Carat, 504 
Carrying, 9 
Celsius temperature, 512, 513, 522 
Center point, 430 
Centigram, 498, 522 
Centimeter, 484, 522 
cubic, 506, 522 
Center point, 430 
Central tendency, measure of, 430 
Cents, converting from/to 
dollars, 234 
Changing the sign, 611, 629, 630 
Changing units, see American system 
of measures; Metric system of 
measures 
Chart 
pie, 414 
place-value, 2, 214 
Checkbook, balancing, 274, 275 
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Checking 
division, 27 
in problem solving, 54, 681 
solutions of equations, 50, 655 
solutions of proportions, 301 
subtraction, 16 
Circle 
area, 551,586 
circumference, 549, 550, 586 
diameter, 548, 586 
radius, 548, 586 
Circle graph, 414 
Circular cone, volume, 562, 586 
Circular cylinder, volume, 561, 586 
Circumference of a circle, 549, 550, 586 
Clearing decimals, 676 
Clearing fractions, 674-676 
Coefficient, 659 
Collecting (or combining) like 
terms, 652 
in equation solving, 668 
Commission, 383 
Common denominator, 118 
least, 146, 154, 160 
Common factor, 651 
Common multiple, least, 146, 147, 150 
Commutative law 
of addition, 10 
of multiplication, 22 
Comparing numbers in decimal 
notation, 219 
Complementary angles, 572 
Complex fractions, 197 
Composite numbers, 88 
Compound interest, 391-393 
Cone, circular, volume, 562, 586 
Constant, 646 
Contingency table, 444 
Converse, 579 
Converting 
American measures to metric 
measures, 491, 522 
area units, 517,518, 522 
capacity units, 505, 506, 
507, 522 
cents to dollars, 234 
decimal notation to fraction 
notation, 217 
decimal notation to percent 
notation, 341 
decimal notation to a word 
name, 215 
dollars to cents, 234 
fraction notation to decimal 
notation, 217, 251 
fraction notation to a mixed 
numeral, 169 
fraction notation to percent 
notation, 345 
length units, 479, 486, 522 
mass units, 499, 522 
mentally, in metric system, 487, 
499, 518 


I-2 Index 


metric measures to American 
measure, 491, 522 
mixed numerals to decimal 
notation, 218 
mixed numerals to fraction 
notation, 169 
percent notation to decimal 
notation, 340 
percent notation to fraction 
notation, 347 
ratios to decimal notation, 253 
standard notation to expanded 
notation, 4 
standard notation to word names, 5 
temperature units, 512, 513, 522 
time units, 511, 522 
weight units, 497, 522 
word names to standard notation, 5 
Credit cards, 393-395 
Cross products, 119, 300, 301 
Cube, unit, 559 
Cubic centimeter, 506, 522 
Cubit, 483 
Cup, 505, 522 
Cylinder, circular, volume, 561, 586 


D 
Daily percentage rate (DPR), 394 
Day, 511, 522 
Decigram, 498, 522 
Decima, 214 
Decimal equivalent, 348 
Decimal notation, 214 
addition with, 224 
and balancing a checkbook, 274, 275 
comparing numbers in, 219 
converting 
from/to fraction notation, 217, 251 
from mixed numerals, 218 
from/to percent notation, 339-341 
ratios to, 253 
to a word name, 215 
division with, 238, 240 
and estimating, 260 
and fraction notation together, 255 
for irrational numbers, 604 
and money conversion, 234 
multiplication with, 230-232 
and naming large numbers, 233 
and order, 219 
order of operations, 243 
and percent notation, 339 
place-value, 214 
for rational numbers, 603 
repeating, 252, 603 
rounding, 253 
rounding, 219, 220, 253 
subtraction, 225 
terminating, 252, 603 
word names, 215 
Decimal point, 214 
Decimals, clearing, 676 
Decimeter, 484, 522 


Decrease, percent, 370 
Degree measure, 570 
Dekagram, 498, 522 
Dekameter, 484, 522 
Denominators, 99 
common, 118 
least common, 146, 154, 160 
of zero, 103 
Diameter, 548, 586 
Difference, 14, 614 
estimating, 40, 260 
Digits, 2 
Discount, 384 
Distance and absolute value, 605 
Distribution, frequency, 443 
Distributive laws, 20, 648 
and factoring, 651 
and multiplying, 20, 648 
Dividend, 26 
Divisible, see Divisibility 
Divisibility, 88 


and simplifying fraction 
notation, 117 
Division 
by 0.1, 0.01, 0.001, and so on, 242 
by 10, 100, 1000, and so on, 241 
on a calculator, 30 
checking, 27 
with decimal notation, 238, 240 
definition, 27, 626 
dividend, 26 
of zero, 27, 627 
divisor, 26 
estimating quotients, 40 
with fraction notation, 131 
of integers, 626 
and LCMs, 150 
with mixed numerals, 187 
of a number by itself, 27 
by one, 27 
by a power of ten, 241, 242 
by primes, 150 
quotient, 26 
of real numbers, 626-629 
and reciprocals, 628 
and rectangular arrays, 26 
with remainders, 28 
as repeated subtraction, 26 
of whole numbers, 26 
by zero, 28, 626, 627 
of zero by a nonzero number, 27, 627 
zero in quotients, 31 
Divisor, 26 
Dollars, converting from/to cents, 234 


E 
Effective yield, 398 
Eight, divisibility by, 96 
English system of measures, see 
American system of measures 
Equality of fractions, test for, 119, 
300 
Equation(s), 42, 48 
checking solutions, 50, 655 
equivalent, 655 
false, 48 
with like terms, 668 
containing parentheses, 669 
percent, 353 
Pythagorean, 579, 586 
solution of, 48 
solving, 48-51, 655, 659, 666. See also 
Solving equations. 
translating to, 54, 353, 681 
true, 48 
Equilateral triangle, 574 
Equivalent, decimal, 348 
Equivalent, fraction, 348 
Equivalent, percent, 348 
Equivalent equations, 655 
Equivalent expressions, 648 
Equivalent fractions, 115 
Estimating. See also Rounding. 
with decimal notation, 260 
differences, 39, 260 
with fraction notation, 199 
with mixed numerals, 199 
products, 40, 261 
quotients, 40, 261 
sums, 39, 260 
wildlife populations, 313 
Evaluating 
algebraic expressions, 646, 648 
exponential notation, 71 
Even number, 93 
Expanded notation, 4 
Experiment, 457 
Exponent, 70 
Exponential notation, 70 
on a calculator, 71 
evaluating, 71 
and LCMs, 149 
Expressions 
algebraic, 646 
equivalent, 648 
evaluating, 646 
factoring, 651 
multiplying, 649, 650 
simplifying, 71 
terms, 650 
value of, 646 


F 
Factor, 19, 86, 88. See also Factoring; 
Factorization; Factors. 

Factor tree, 90 
Factoring, 86 
algebraic expressions, 651 


Factorization 
of natural numbers, 87 
prime, 89 
and LCMs, 147, 150 
Factorization method, 147 
Factors, 19, 86. See also Factor. 
Fahrenheit temperature, 512, 
513, 522 
False equation, 48 
False inequality, 42 
Familiarize, 54, 681, 682 
Feet, 478, 522 
Five, divisibility by, 95 
Five-number summary, 435 
Fluid ounce, 505, 522 
Foot, 478, 522 
Four, divisibility by, 96 
Fraction equivalent, 348 
Fraction notation, 99. See also 
Fractions. 
addition, 153-155 
converting 
from/to decimal notation, 
217, 251 
from/to mixed numerals, 169 
from/to percent notation, 345, 347 
and decimal notation together, 255 
denominator, 99 
of zero, 103 
in division, 131 
estimation with, 199 
multiplication using, 109, 
110, 124 
numerator, 99 
for one, 102 
order, 162 
order of operations, 196 
and percent notation, 339 
for rational numbers, 603 
for ratios, 101, 286 
sign changes, 630 
simplest, 116 
simplifying, 116, 118 
subtraction, 160 
for whole numbers, 103 
for zero, 103 
Fractions, 99. See also Fraction 
notation. 
clearing, 674-676 
complex, 197 
equality, test for, 119, 300 
equivalent, 115 
estimation with, 199 
improper, 101, 170 
multiplication by a whole 
number, 110 
multiplicative identity, 
115, 648 
as ratios, 101, 286 
reciprocals, 130 
Frequency, 443 
Frequency distribution, 443 
Frequency table, two-way, 444 


G 
Gallon, 505, 522 
Geometric shapes and proportions, 
320, 322 
GPA, 431 
Grade point average, 431 
Gram, 498, 522 
Graph 
bar, 420, 421 
circle, 414 
line, 422, 423 
of a number, 602 
picture, 412 
pie chart, 414 
Greater than (>), 42, 604 
Greatest common factor, 651 


H 
Hectogram, 498, 522 
Hectometer, 484, 522 
Height of a parallelogram, 538 
Histogram. 448 
Hour, 511, 522 
Hundred, 233 
dividing by, 241 
multiplying by, 232 
Hundred-thousandths, 214 
Hundredths, 214 
dividing by, 242 
multiplying by, 231, 232 
Hypotenuse, 579 


I 
Identity 

additive, 10 

multiplicative, 22, 115, 648 
Identity property 

of one, 648 

of zero, 609 
Improper fraction, 101, 170 
Inch, 478, 522 
Increase, percent, 370 
Inequality, 42 
Inequality symbols, 42 
Integers, 600 

division of, 626 
Interest 

compound, 391-393 

rate, 390 

simple, 390 
Inverse 

additive, 610, 611 

multiplicative, 627 
Irrational numbers, 604 
Isosceles triangle, 574 


K 
Karat, 504 
Key 
for a pictograph, 412 
for a stem-and-leaf plot, 446 
Kilogram, 498, 522 
Kilometer, 484, 522 
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L 
Large numbers, naming, 233 
Laws 
associative, 10, 22 
commutative, 10, 22 
distributive, 20, 648 
Leap year, 511 
Least common denominators, 146, 154, 160 
Least common multiple (LCM), 146, 
147, 150 
of denominators, 146, 154, 160, 674 
Legs of a right triangle, 579 
Length, see American system of 
measures; Metric system of 
measures 
Less than (<), 42, 604 
Liebniz, Gottfried Wilhelm von, 19 
Like terms, 652 
Line graph, 422, 423 
Linear measure, see American system 
of measures; Metric system of 
measures 
List of multiples, 147 
Liter, 506, 522 


M 
Marked price, 384 
Mass, 497, 498, 522. See also Weight. 
Maximum of a set of numbers, 429 
Mean, 430 
Measures of central tendency, 430 
Measures, see American system of 
measures; Metric system of 
measures 
Measuring angles, 570 
Median, 432, 433 
as second quartile, 434 
Medical applications, 500, 507 
Meter, 484, 522 
Metric system of measures, 484 
area, 518 
capacity, 506, 522 
changing units, 486, 506, 511, 518 
to American system, 491, 513, 522 
mentally, 489, 499, 518 
length, 484, 522 
mass, 498, 522 
temperature, 512, 522 
time, 511, 522 
Metric ton, 498, 522 
Microgram, 500, 522 
Mile, 478, 522 
Milligram, 498, 522 
Milliliter, 506, 522 
Millimeter, 484, 522 
Million, 233 
Millions period, 2 
Minimum of a set of numbers, 429 
Minimum payment, 393 
Minuend, 14 
Minute, 511, 522 
Mixed numerals, 168 
and addition, 176 
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converting from/to fraction notation, 
169, 170 
converting to decimal notation, 218 
and division, 187 
estimation with, 199 
and multiplication, 186 
order of operations, 196 
as quotients, 170 
and subtraction, 177 
Mode, 434 
Money conversion, 234 
Multiples, 87, 88 
and divisibility, 87 
least common, 146, 147, 150 
list of, 147 
of natural numbers, 87 88 
Multiples method, 147 
Multiplication 
of algebraic expressions, 649, 650 
associative law of, 22 
on a calculator, 21 
commutative law of, 22 
with decimal notation, 230-232 
using the distributive laws, 20, 648 
estimating products, 40, 261 
factors, 19 
of a fraction by a whole number, 110 
using fraction notation, 109, 
110, 124 
by a hundred, 232 
by a hundredth, 231, 232 
using mixed numerals, 186 
by one, 115 
by a power of ten, 231, 232 
product, 19 
of real numbers, 622, 623 
as a rectangular array, 19 
as repeated addition, 19 
and simplifying, 124 
symbols for, 19 
by ten, 232 
by a tenth, 231, 232 
by a thousand, 232 
by a thousandth, 231, 232 
of whole numbers, 19 
and fractions, 110 
Multiplication principle, 659 
Multiplicative identity, 22, 115, 648 
Multiplicative inverse, 627 See also 
Reciprocal. 
Multiplying, see Multiplication 


N 
Naming angles, 569 

Naming large numbers, 233 

Natural numbers, 9 

composite, 88 

divisibility, 88. See also Divisibility. 
factoring, 86 

factorization, 87 

least common multiple, 146-150 
multiples of, 87, 88 

prime, 88 


Negative integers, 600 
Negative numbers on a calculator, 
611 

Nine, divisibility by, 95 
Nonnegative rational numbers, 214 
Not equal to (+), 42 
Notation 

decimal, 214 

expanded, 4 

exponential, 70 

fraction, 99 

for an opposite, 610 

percent, 338, 339 

ratio, 101, 286 

for rational numbers, 602 

standard, for numbers, 4 
Number line, addition on, 608 
Numbers 

arithmetic, 214 

composite, 88 

digits, 2 

even, 93 

expanded notation, 4 

graphing, 602 

integers, 600 

irrational, 604 

natural, 9 

nonnegative rational, 214 

palindrome, 142 

periods, 2 

place-value, 2, 214 

prime, 88 

ratio, 101, 286 

rational, 602 

nonnegative, 214 

real, 604 

signs of, 611 

standard notation, 4 

whole, 9 

word names, 4 
Numerals, mixed, 168. See also Mixed 

numerals. 

Numerator, 99 


0 
Obtuse angle, 571 
Obtuse triangle, 574 
One 
division by, 27 
fraction notation for, 102 
identity property, 648 
multiplying by, 22, 115 
Ones period, 2 
Operations, order of, 71, 73, 196, 
243, 631 
Opposites, 600, 610, 611 
and subtraction, 615 
Order 
in decimal notation, 219 
in fraction notation, 162 
of operations, 71, 73, 196, 243, 631 
of real numbers, 604 
of whole numbers, 42 


Original price, 384 
Ounce, 497 522 
fluid, 505, 522 


P 
Palindrome prime, 142 
Parallelogram, 538 
area, 539, 586 
Parentheses, 71 
equations containing, 669 
in multiplication, 20 
within parentheses, 74 
Payment, minimum, 393 
Percent, see Percent notation 
Percent decrease, 370 
Percent equation, 353 
Percent equivalent, 348 
Percent notation, 338, 339 
converting 
from/to decimal notation, 340, 341 
from/to fraction notation, 345, 347 
in circle graphs, 415 
solving problems involving, 353-356, 
359-362, 367-373 
Percent increase, 370 
Perimeter, 11, 532 
rectangle, 533, 586 
square, 533, 586 
Periods, 2 
Pi (1), 549, 550 
Pictographs, 412 
Picture graph, 412 
Pie chart, 414 
Pint, 505, 522 
Pitch of a screw, 127 
Pixels, 64 
Place value, 2, 214 
Polygon, 532 
Positive integers, 600 
Pound, 497, 522 
Power, 70 
Power of ten 
dividing by, 241, 242 
multiplying by, 231, 232 
Price 
marked, 384 
original, 384 
purchase, 381 
sale, 384 
total, 381 
unit, 294 
Primary principle of probability, 459 
Prime factorization, 89 
in finding LCMs, 147 
in simplifying fractions, 117 
Prime numbers, 88 
division by, 150 
palindrome, 142 
Principal, 390 
Principles 
addition, 655 
multiplication, 659 


Probability, 457, 459 
primary principle of, 459 
Problem solving, 54, 61, 681 
Products, 19. See also Multiplication. 
cross, 119, 300, 301 
estimating, 40, 261 
Proportional, 300. See also 
Proportions. 
Proportions, 300 
and geometric shapes, 320, 322 
and similar triangles, 320 
solving, 301 
used in solving percent problems, 
359-362 
Protractor, 570 
Purchase price, 381 
Pythagoras, 580 
Pythagorean equation, 579, 586 
Pythagorean theorem, 579 


Q 
Quadrillion, 237 
Quality points, 431 
Quart, 505, 522 
Quarters, 434 
Quartiles, 434 
Quintillion, 237 
Quotient, 26 
estimating, 40, 261 
as a mixed numeral, 170 
zeros in, 31 


R 


Radical sign (V__), 578 
Radius, 548, 586 
Range of a set of numbers, 429 
Rate 
commission, 383 
of discount, 384 
interest, 390 
ratio as, 293 
sales tax, 381 
unit. 294 
Ratio(s), 101, 286 
and circle graphs, 414 
converting to decimal notation, 253 
notation, 101, 286 
percent as, 339 
and proportion, 300 
as a rate, 293 
simplifying, 289 
test for equality, 300 
Rational numbers, 602 
and decimal notation, 603 
and fraction notation, 603 
graphing, 602 
nonnegative, 214 
Rays, 569 
Real-number system, 604 
and absolute value, 605 
and addition, 608, 609 
additive inverses, 610 
and division, 626-629 


and multiplication, 622, 623 
opposites, 610 
and order, 604 
and order of operations, 631 
and subtraction, 614, 615 
Reciprocal, 130, 627 
and division, 628 
of a fraction, 130 
properties, 628 
sign of, 628 
of zero, 130 
Rectangle, 533 
area, 22, 537, 586 
perimeter, 533, 586 
Rectangular array 
in division, 26 
in multiplication, 19 
Rectangular solid, volume, 559, 560, 586 
Regrouping, in addition, 9 
Remainder, 28 
Removing a factor of 1, 116 
Repeated addition, 19 
Repeated subtraction, 26 
Repeating decimals, 252, 603 
rounding, 253 
Right angle, 571 
Right triangle, 574, 579 
Rounding 
decimal notation, 219, 220, 253 
and estimating 
in addition, 39, 260 
in division, 40, 261 
in multiplication, 40, 261 
in subtraction, 39, 260 
by truncating, 223 
of whole numbers, 37, 38 


Ss 
Salary, 383 
Sale price, 384 
Sales tax, 381 
Scalene triangle, 574 
Screw, pitch, 127 
Second, 511, 522 
Segment, unit, 478 
Semiannual compounding of interest, 392 
Septillion, 237 
Seven, divisibility by, 96 
Sextillion, 237 
Sides of an angle, 569 
Signs of numbers, 611 

changing, 611, 629, 630 

and reciprocals, 628 
Similar geometric shapes, 320, 322 
Similar triangles, 320, 321 
Simple interest, 390 
Simplest fraction notation, 118 
Simplifying complex fractions, 197 
Simplifying expressions, 71 
Simplifying fraction notation, 116, 118 
Simplifying ratio notation, 289 
Six, divisibility by, 94 


Index I-5 


Solution of an equation, 48. See also 
Solving equations. 
Solve, in problem solving, 54, 681 
Solving equations, 48-51, 655, 659, 666 
using addition principle, 655 
by carrying out a calculation, 49 
checking solutions, 50, 655 
and clearing fractions or decimals, 
674-676 
and collecting like terms, 668 
by dividing on both sides, 50, 51, 
132, 242 
using multiplication principle, 659 
with parentheses, 669 
using the principles together, 666 
procedure, 670 
by subtracting on both sides, 49, 163, 
226 
by trial, 48 
Solving percent problems, 354-356, 
361, 362 
Solving problems, 54. See also Index of 
Applications at front of text. 
Solving proportions, 301 
Span, 483 
Sphere, volume, 561, 586 
Square, 533 
area, 538, 586 
perimeter, 533, 586 
Square of a number, 578 
Square roots, 578 
approximating, 578, 579 
Standard notation for numbers, 4 
State the answer, 54, 681 
Statistic, 429 
Stem-and-leaf plot, 446 
Strike zone, 379 
Straight angle, 571 
Studying for Success, 2, 37, 86, 124, 146, 
176, 214, 251, 286, 309, 338, 367, 
410, 443, 478, 497, 532, 559, 600, 
622, 646, 666 
Substituting for a variable, 646 
Subtraction 
and additive inverses, 615 
and borrowing, 15 
on calculator, 15 
checking, 16, 615 
with decimal notation, 225 
definition, 14, 614 
difference, 14 
estimating, 39, 260 
using fraction notation, 160 
minuend, 14 
using mixed numerals, 177 
and opposites, 615 
of real numbers, 614, 615 
repeated, 26 
subtrahend, 14 
of whole numbers, 14 
Subtrahend, 14 
Subunits, 478 
Sum, 9 


1-6 Index 


of angle measures in a triangle, 574 

estimating, 39, 260 

of opposites, 611 
Supplementary angles, 572, 573 
Symbol 

approximately equal to (~), 40 

greater than (>), 42, 604 

less than (<), 42, 604 

for multiplication (< and -), 19 

not equal to (*), 42 

radical (V__), 578 


T 
Table 
of data, 411 
contingency, 444 
two-way frequency, 444 
Table of prime numbers, 89 
Tax, sales, 381 
Temperature, 512,513, 522 
Ten 
dividing by, 241 
divisibility by, 95 
multiplying by, 232 
Ten-thousandths, 214 
Tenths, 214 
dividing by, 242 
multiplying by, 231, 232 
Terminating decimal, 252, 603 
Terms, 650 
like, 652 
Test for equality of fractions, 119, 300 
Theorem, Pythagorean, 579 
Thousand, 233 
dividing by, 241 
multiplying by, 232 
Thousands period, 2 
Thousandths, 214 
dividing by, 242 
multiplying by, 231, 232 
Three, divisibility by, 94 
Time, 511, 522 
Ton 
American, 497, 522 
metric, 498, 522 
Total price, 381 
Translate 
to an algebraic expression, 680 
to an equation, 54, 353, 681 
to a proportion, 359 
Translating for Success, 62, 134, 164, 190, 


270, 314, 374, 461, 519, 582, 632, 689 


Trapezoid, 540 
area, 541, 586 
Tree diagram, 457 
Tree, factor, 90 
Trial, solving equations by, 48 
Triangle(s), 539, 573 
acute, 574 
area, 539, 586 
equilateral, 574 
isosceles, 574 
obtuse, 574 


right, 574, 579 

scalene, 574 

similar, 320, 321 

sum of angle measures, 574 
Trillion, 233 
Trillions period, 2 
True equation, 48 
True inequality, 42 
Truncating, 223 
Two, divisibility by, 93 
Two-way frequency table, 444 


U 

Unit angle, 570 

Unit cube, 559 

Unit price (or rate), 294 
Unit segment, 478 


Vv 
Value of an expression, 646 
Variable, 48, 646 
substituting for, 646 
Vertex, 569 
Volume 
of a circular cone, 562, 586 
of a circular cylinder, 561, 586 
of a rectangular solid, 559, 560, 586 
of a sphere, 561, 586 


WwW 
Week, 511, 522 
Weight, 497, 522. See also Mass. 
Weighted average, 431 
Whole numbers, 9 
addition, 9 
division, 26 
expanded notation, 4 
fraction notation for, 103 
multiplication, 19 
by fractions, 110 
order, 42 
rounding, 37, 38 
standard notation, 4 
subtraction, 14 
word names for, 4 
Wildlife population, estimating, 313 
Word names 
for decimal notation, 215 
for whole numbers, 4 


Y 

Yard, 478, 522 
Year, 511, 522 
Yield, effective, 398 


Z 

Zero 
addition of, 10, 609 
denominator of, 103 
dividend of, 27, 627 
division by, 28, 626, 627 
fraction notation for, 103 
identity property, 609 
in quotients, 31 
reciprocal, 130 


Geometric Formulas 


PLANE GEOMETRY SOLID GEOMETRY 

Rectangle Rectangular Solid | 

Area: A = I-w | Volume: V = [-w-h ~~ 
Perimeter: P = 2-1 +2-w ~ i 


l 
Square 7 
Area: A = s? 2 
Perimeter: P = 4°5 Cube 
S | 


Volume: V = s° 


Triangle 
Area: A = 5-b-h 


Sum of Angle Measures 
A+ B+ C= 180° Right Circular Cylinder 
Volume: V = a-r?+h 
Surface Area: 


Right Triangle 
S=2Q-merh+2-a-r? 


Pythagorean Theorem: 
et+bh=c 


b 
a 
a 
b 

Parallelogram Right Circular Cone | 
Area: A = beh 7 Volume: V = $+ m-+r?+h \ 

b 

a 

b 


Surface Area: , \s 

S=mrt+ars \ 
Trapezoid ES 

a 

Area: A = }-h-(a + b) 

Sphere 
Circle Volume: V = $+a°r> . > 
re Ren Surface Area: S = 4+ a+r? 
Circumference: 
C= a-d =2+a-r(Fand 3.14 
are different approximations for 7) 
Fracti Deci L d 

Fraction, veciMal, an 

Percent Equ ivalents 
Fraction 1 1 1 1 1 3 1 3 2 1 3 5 2 7 3 4 5) 7 9 1 
Notation | 10 8 6 5 4 | 10 3 8 5 2; 5 8 3 10 | 4 5 6 8 10 1 
Decimal z = = ~ 
Notation 0.1 | 0.125 | 0.166} 0.2 |0.25} 0.3 | 0.333 | 0.375 | 0.4 | 0.5 | 0.6 | 0.625 | 0.666 | 0.7 | 0.75] 0.8 | 0.833 | 0.875 | 0.9 1 
P 10% | 12.5% |16.6% | 20% | 25% | 30% | 33.3% | 37.5% | 40% |50% | 60% | 62.5% | 66.6% | 70% | 75% | 80% | 83.3% | 875% | 90% | 100% 
Senn or or or or or or or or 
Notation 


123% | 163% 335% | 375% 625% | 665% 833% | 875% 
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